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INTRODUCTION 

OBJECTIVES 


The  objectives  of  this  investigation  were  to  develop,  test 
and  evaluate  a  recreational  monitoring  methodology  usinci  aerial 
ohotograohy  and  computer  assisted  data  capture  with  auxiliary 
equipment.  To  meet  these  objectives,  nhotography  was  flown, 
interpretation  technioues  were  developed  and  utilized,  hardware 
was  assembled,  software  was  written  and  recreational  monitorinq 
results  were  obtained. L 

REPORT  <0RGAN  I ZAT  ION  _ 

This  reportfTsorganized  into  six  sections.  Section  1, 
Introduction  .includes  a  statement  of  objectives,  how  the  report 
is  organized,  a  summary  of  available  nhotoqraohy,  a  brief 
summary  of  methods  employed,  and  some  conclusions.  Section  2, 

Pool  16  User  Results,  includes  the  results  obtained  from  apolyinq 
the  methodology  for  six  flights  over  Pool  16.  It  also  includes 
discussion  of  the  results  and  provides  qraohic  examples  of  results. 
Section  3,  Evaluation  of  the  Methodology,  includes  eauipment 
and  personnel  requirements,  the  time  utilized  developing  and 
testing  the  methodology,  and  the  costs  incurred.  The  relia¬ 
bility  of  the  methodology,  error  control  and  error  discovery 
are  discussed.  Section  4,  Aerial  Photographic  Methods,  Includes 
a  detailed  discussion  of  the  methods  and  eouinment  employed  to 
purchase,  obtain  and  process  the  aerial  nhotogranhv  for  the 
riverway.  Section  5,  Interpretative  Methods,  discusses  the 
methods  employed  to  interoret,  locate  and  encode  targets  from 
the  photography.  Section  6,  Handbook/Codebook,  includes  a 
detailed  description  of  each  variable  encoded  as  nart  of  the 
methodology.  It  also  includes  the  rules  used  to  interpret  each 
of  the  tarqet  types.  ~ 

A> 

In  addition  to  the  renort  itself,  eiqht  Computer  Output 
Books  are  provided  (see  Table  1-1).  These  books  include  com¬ 
bined  and  separate  frequencies,  distribution  of  tarqets, 
interpreter  confidence  results  and  computer  software  developed 
and  utilized  as  part  of  the  methodology. 

Within  each  section  of  the  report  are  contained  the  rele¬ 
vant  photographs,  figures  and  tables.  Given  the  diversity  of 
material  covered,  it  will  be  necessary  to  review  various  portions 
selectively  and  simultaneously.  For  example,  to  fully  understand 
the  Results'  section,  it  will  be  necessary  to  review  the  tarqet 
names  in  the  Handbook/Codebook,  or  to  fully  understand  the 
Evaluation  section,  it  will  be  necessary  to  become  familiar  with 
the  Aerial  Photographic  Methods  and  Interpretive  Methods. 
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STUDY  AREA 

All  methods  developed  and  emnloyed  were  applied  to  pool  16. 
Aerial  photography  was  obtained  for  pools  11-22  durinq  the  soring, 
summer  and  fall  of  1979  (May  26  -  October  28)  (see  Figure  1-1). 
Aerial  photography  coverage  consists  of  51  pool  flights  taken 
with  oblique  70mm  color  and  color  infrared  film  and  12  cools 
with  9"  x  9"  color  infrared  film  (see  Table  1-1).  Six  dates 
from  pool  16  were  utilized  to  test  and  evaluate  the  methodoloqy. 

They  are  Wednesday,  June  21,  Thursday,  July  4,  Saturday,  August 
11,  Sunday,  August  12,  Wednesday,  Auqust  15,  and  Saturday,  Sept.  15. 

METHODS  EMPLOYED 

Various  methods  and  techniques  were  tested  and  employed. 

Two  basic  forms  of  aerial  photography  were  utilized.  Two  70mm 
motor  driven  cameras  were  utilized  to  obtain  oblique  photoqraohy 
of  the  riverway.  In  addition,  a  9"  x  9"  mapninq  camera  was 
utilized  to  obtain  photography.  To  assist  in  interpreting 
features  seen  as  watercraft  types  (tarnets),  a  zoom  stereoscope 
was  utilized  to  enlarge  the  tarqets  for  the  Purposes  of  inter¬ 
pretation.  A  Handbook/Codebook  was  developed  to  nrovide  con¬ 
sistent  interpretation  and  encodinq  rules.  Various  features 
were  initially  included  but  dronoed  due  to  non-interpretabil itv. 

A  back-lighted  XY  diqitizer  was  utilized  to  record  and  snatially 
locate  each  target.  A  mini-computinq  svstem  (ORION)  was  utilized 
to  Interactively  encode  target  values,  check  values,  nromnt 
interpreters  and  nre-process  data  for  analysis.  Main  frame 
computing  was  utilized  to  analyze  data  and  provide  comnuter 
graphic  results. 
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TABLE  1-1  Computer  Output  Books 


BOOK  NUMBER 


Book  1  Pool  16  Senarate  Frequencies 

Part  1.  Freauencies  for  Pool  16 

(River  Mile  480  Marina  Excluded) 
Part  2.  Frequencies  for  Pool  16 
(At  River  Mile  480) 

Book  2  Pool  16  Combined  Frequencies 

Part  1.  Combined  Frequencies  for  Pool  16 
(River  Mile  480  Marina  Excluded) 
Part  2.  Combined  Frequencies  for  Pool  16 
(At  River  Mile  480) 

Book  3  Pool  16  Spatial  Distribution  of  Targets  by  Channel, 

Activity,  Mode  of  Use,  Beached  Craft  Dis¬ 
tribution,  Undeveloped  Beaching  Sited  by 
Date,  Craft  in  Use  by  Dates 

Book  4  Pool  16  Target  Distribution  for  Specific  Fliqhts  - 

Craft  and  Duck  Blinds 

• 

Book  5  Pool  16  Confidence  Interpretation  Crosstabs 

Part  1.  Confidence  Crosstabs  -  All 
Flights  Combined 
(River  Mile  480  Marina  Excluded) 
Part  2.  Confidence  Crosstabs  -  All 
Flights  Combined 
(At  River  Mile  480) 

Book  6  Pool  16  Confidence  Film/Altitude  Crosstabs 

Part  1.  Confidence  Crosstabs  of  Film  Type 
by  Tarqet  at  Different  Altitudes 
(River  Mile  480  Marina  Excluded) 
Part  2.  Confidence  Crosstabs  of  Film  Type 
by  Tarqet  at  Different  Altitudes 
(River  Mile  480  Marina  Excluded) 

Book  7  Pool  16  River  Mile  by  Dock  Crosstabs 

Part  1.  Partially  Imaged  Flights 
Part  2.  Fully  Imaged  Flights 


Book  8 


ORION  Software 


30-1425 


TABLE  1-2.  Aerial  Photography  Record  (1979)  by  Pool,  Date  and  Time  of  Day  (continued) 
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TABLE  1-2.  Aerial  Photography  Record  (1979)  by  Pool,  Oate  and  Time  of  Day  (continued) 
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POOL  16  USER  RESULTS 


This  section  of  the  report  reviews  the  results  for  six  fliqhts 
of  interpreted  aerial  photography  for  pool  16  during  the  spring, 
summer,  and  fall  of  1979.  Pool  16,  for  the  Durposes  of  this 
analysis,  begins  at  river  mile  457  and  ends  at  483. 

The  intention  of  this  section  is  to  present  an  array  of 
results  and  examples.  It  will  include  various  tyoes  of  output  plus 
various  forms  of  outDut  available  as  part  of  the  methodology. 
Besides  including  the  normal  statistical  tyoe  tables,  qraDhic 
examples  are  included.  If  spatial  encoding  concepts  had  not  been 
incorporated  into  the  methodoloqy,  graphic  output  would  have  been 
limited  if  not  impossible.  To  illustrate  method  flexibility, 
graphics  are  emphasized.  More  traditional  frequency  tables  and 
crosstabs  are  provided  in  computer  output  books. 

POOL  16  CHARACTERISTICS 

■■  Pool  16  consists  of  a  variety  of  physical  river  features 
including  adjacent  urban  development,  large  expanses  of  water, 
marinas,  islands,  sandbars,  etc.  Use  of  the  riverwav  itself  is 
diverse,  ranging  from  large  watercraft  to  waterfowl  blinds.  The 
development  of  the  monitoring  methodology  consisted  of  determining 
the  detectability  of  various  riverway  features  including  land  and 
river  targets  (see  Section  6  -  Handbook  for  complete  list  and 
description  of  targets).  The  array  of  riverway  features  and  some 
of  the  larger  targets  are  observable  in  PhotograDhs  2-1  through 
2-11.  These  photographs  are  contact  copies  of  the  9"  x  9"  color 
infrared  film  taken  on  August  11,  1979. 

TARGET  EXAMPLES 

Actual  aerial  photographic  interpreation  methods  are  explained 
in  detail  elsewhere  (see  Sections  4  and  5).  The  nrocess,  in 
general,  consisted  of  using  an  aerial  photo  magnification  inter¬ 
pretative  procedure  and  a  digitizer,  and  a  computer  to  determine, 
locate,  and  encode  a  target  type.  A  taraet  can  be  a  canoe, 
barge,  hunting  blind,  etc.  Upon  establishing  the  target  type, 
additional  interpretations  are  encoded  for  each  tarqet  such  as 
shoreline,  mode  of  use,  beaching  status,  etc. 

The  following  photographs  are  not  from  pool  16  but  illustrate 
target  types.  For  example,  Photograoh  2-12  illustrates  a  barae-tow 
complex.  The  crosshair  over  the  middle  of  the  barge-tow  complex 
is  what  the  interpreter  views  durinq  the  interpretation  process. 
Photograph  2-13  illustrates  a  marina  complex  ana  the  watercraft 
being  targeted  is  a  deck-hull  motorcraft.  Photograph  2-14 
illustrates  two  open-hull  motorcraft  underway.  In  addition,  a 
non- vegetated  beaching  site  is  observable  along  the  shoreline. 
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POOL  16  TARGET  FREQUENCIES 
Combined  Frequencies 


The  six  flights  of  pool  16  yielded  3673  targets.  This  con¬ 
sisted  of  interpreting  424  targets  from  June  21,  799  from  July  4, 
609  from  August  11,  593  from  August  12,  515  from  August  15,  and 
733  from  September  15. 

Table  2-1  shows  the  overall  distribution  of  target  types 
for  the  six  flights  excluding  the  marina  at  river  mile  430  (see 
Book  2,  page  42).  This  river  mile  was  excluded  due  to  beinq 
partially  imaged  on  August  12  and  August  15.  The  dominant  target 
was  open-hulled  motorcraft  (1182).  the  next  largest  target  was 
small  uncovered  docks  (468).  In  resnect  to  the  distribution  of 
various  targets,  the  hiqhest  concentration  of  tarqets  were  located 
at  river  mile  473  which  is  a  marina  site  (see  Table  2-2). 

From  the  interpretation  perspective,  each  target  flight 
represents  a  judgement.  From  a  use  monitoring  perspective, 
counting  the  same  dock  on  each  separate  flight  may  be  considered 
double  counting.  As  it  turns  out,  however,  docks  are  a  more 
dynamic  target  than  initially  thought.  For  example,  an  analysis 
of  data  relating  to  small  docks  shows  an  increase  over  the  summer. 
Inspection  of  the  film  shows  small  docks  being  added  as  late  as 
the  month  of  August.  Some  of  the  variation  in  docks  is  also  due 
to  interpreter  error.  This  error  was  caused  by  too  loose  of  a 
decision  rule  for  small  docks. 

Separate  Frequencies 

Table  2-3  shows  various  target  frequencies  for  three  selected 
dates.  June  21  is  a  weekday,  July  4  is  a  holiday,  and  August  11 
is  a  Saturday.  Of  the  six  flight  dates,  July  4  was  the  largest 
target  date  and  June  21  was  the  smallest.  On  June  21,  there  were 
47  watercraft  beached,  45  in  use;  on  July  4  there  were  165  water¬ 
craft  beached,  242  in  use;  and  on  August  11  there  were  73  water¬ 
craft  beached  and  63  in  use  (see  Book  1,  Part  1  for  other  dates). 
These  results  show  considerable  use  differences  between  various 
days  of  the  week,  time  o*  year,  and  a  holiday  vs.  a  Saturday. 

POOL  16  WATERCRAFT  DISTRIBUTIONS 

General  Di  -nbutions 


Figure  2-1  is  a  bar  graph  which  illustrates  the  general 
watercraft  activity  status  for  watercraft  types  for  six  dates. 
This  graph  illustrates  open-hull  watercraft  which  are  by  far 
the  most  active  watercraft  type  in  pool  16.  Figure  2-2,  as 
another  bar  graph,  illustrates  that  exceot  for  barae/tow  (this 
is  a  composite  variable  including  all  barqe  tarqets),  ooen-hull, 
decked-hull,  and  houseboats  use  all  portions  of  the  main, 
secondary  and  backbay  portions  of  the  riverwav.  Fiqure  2-3 
illustrates  the  general  distribution  of  the  same  four  watercraft 
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types  between  river  mile  457  and  483.  In  qeneral,  the  four  water¬ 
craft  share  use  of  the  same  river  mile  portions  of  the  riverway. 
Spikes  occur  at  a  high  use  beaching  site  at  river  mile  462  and 
an  existing  marina  at  river  mile.  473.  Fiqure-2-4  illustrates  how 
this  pattern  of  two  peaks  is  modified  when  the  four  watercraft 
are  plotted  in  use  vs.  river  mile. 

Figures  2-5  through  2-8  illustrate  the  prominent  location 
of  the  four  boat  types  in  respect  to  channel  location.  There 
is  considerable  consistency  in  resDect  to  channel  location  excent 
for  barge  tyoe  watercraft. 

Beaching  Distributions 

Since  beaching  is  an  important  oool  16  activity,  various 
graphs  are  provided  to  illustrate  this  phenomena.  Figure  2-9 
illustrates  two  high  use  days.  Beach  activity  is  quite  intensive 
for  pleasure  craft  at  river  mile  462  and  470.  (Pleasure  craft 
includes  all  watercraft  from  canoes  through  houseboats,  codes 

1- 9).  For  example,  there  were  approximately  60  watercraft  tar¬ 
geted  on  July  4  and  approximately  43  watercraft  tarqeted  on  August 
12  at  river  mile  462.  River  mile  462  is  the  obvious  choice  of 
most  watercraft  beach  users  in  pool  16.  Other  sites  are  simply 
not  as  popular.  Figure  2-10  illustrates  the  same  general  use 
pattern  but  during  much  lower  use  days.  There  does  not  appear 

to  be  any  appreciable  relational  difference  between  beach  site 
use  during  low  use  and  high  use  days. 

Figure  2-11  illustrates  the  use  of  beaching  sites  between 
those  located  on  the  main  riverbank  itself  and  those  located  on 
islands.  The  clear  choice  is  to  beach  on  islands  vs.  riverbanks. 
Figure  2-12  provides  some  additional  information  in  resnect  to 
beaching  adjacent  to  veqetated  vs.  non-veoetated  sites.  The 
clear  consensus  is  for  beaching  activities  to  occur  at  non-veqe- 
tated  or  sand  dominated  sites.  Combininq  this  distribution  with 
islands  indicates  quite  clearly  that  pleasure  craft  users  Drefer 
islands  with  sand.  In  respect  to  river  miles,  they  o refer 
river  mile  462,  470  and  472. 

Hunting  Blind  Distributions 

Another  target  interoreted  was  duck  blinds.  This  target 
was  not  in  place  during  the  beginning  of  flight  periods.  As  the 
summer  progressed,  more  duck  blinds  became  evident.  Fiqure  2-13 
illustrates  the  distribution  of  duck  blinds  as  targeted  from 
the  September  15  flight.  On  September  15,  there  were  approximately 
51  blinds  between  river  mile  463  and  458. 

Targets  in  Relation  to  Specific  River  Mile  Locations 

To  illustrate  additional  graphic  and  analytical  flexibility 
of  the  methodology,  two  additional  examples  are  provided.  Figure 

2- 14  and  2-15  illustrate  specific  portions  of  the  riverway.  These 
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illustrations  were  created  by  using  the  diqitized  inDut.  Usinq 
computer  plotting  techniques,  the  actual  target  types  are  Dlotted 
in  their  original  XY  coordinate  location.  The  riverway  boundaries 
were  added  using  the  photographic  image  and  a  zoom  transfer  scope. 
In  essence,  the  distribution  of  various  watercraft  tarqets  can  be 
plotted,  located  and  identified  within  the  entire  pool  or  for 
selected  areas  as  shown.  This  allows  for  SDecific  geographic 
location  and  distribution  of  any  target  or  any  set  of  watercraft 
targets. 

ROCK  ISLAND  MARINA 

The  Rock  Island  marina  is  treated  separately  to  illustrate 
the  full  capabilities  of  spatial  encoding  and  in  order  to  portray 
its  contribution  to  river  use  relative  to  private  docks  and 
ramping.  The  marina  is  fully  imaged  on  June  21  (211  targets). 

July  4  (202  tarqets),  August  11  (249  tarqets),  and  September  15 
(224  targets).  Photograph  2-9  images  the  marina  near  its  top 
edge.  Figure  2-16  illustrates  a  plotted  blowup  of  the  craft 
types  diqitized  in  the  marina  from  the  same  9"  x  9"  nhotoqraohy. 
Figure  2-17  is  a  similar  blowup  of  the  structures  and  estimated 
empty  s 1 i o s  from  the  9"  x  S"  photoqraohy. 

Variation  in  the  number  of  targets  diqitized  was  expected.. 

The  method  of  interpreting  empty  slips  renuired  judgement  in 
estimating  how  many  targets  could  actually  be  Placed  in  an  empty 
space  along  a  dock.  The  number  of  slips,  emot.v  or  otherwise,  in 
covered  docks  was  not  estimated.  An  estimate  of  marina  canacit.v, 
exclusive  of  covered  docks,  can  be  obtained  by  summinq  watercraft 
and  empty  slips  and  taking  the  average  for  the  four  dates.  This 
average  is  215.  The  average  number  of  empty  si i os  is  59  for  the 
four  dates.  Basic  data  is  provided  in  Table  2-4  and  was  derived 
from  tables  in  Book  2,  Part  2.  Figure  2-18  is  a  histoqram  of 
target  types  for  August  11;  (the  date  9"  x  9"  photoqraohy  was 
flown). 

RAMPING  ESTIMATE  FOR  JULY  4TH 

A  conservative  estimate  of  rampino  assumes  that  all  docks, 
large  or  small,  covered  or  uncovered,  contribute  at  least  one 
watercraft  to  river  use.  There  were  407  watercraft  beached  or 
in  use  (but  not  docked)  on  July  4th,  Along  the  river  there  were 
37  covered  boat  slips  and  61  small  uncovered  docks,  and  only  5 
empty  slips.  There  were  76  empty  slips  counted  in  the  Rock 
Island  Marina.  The  total  of  watercraft  from  these  sources  is 
179.  Ignoring  any  contribution  from  the  covered  docks  at  the 
Rock  Island  Marina,  this  sugqests  228  watercraft  from  ramDinq  or 
more  than  one-half  the  total. 
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This  begins  to  illustrate  the  value  of  a  methodology  based 
on  aerial  photography  and  computer  assisted  data  encoding.  The 
array  of  use  characteristics  presented  would  be  much  diminisned 
without  the  spatial  accuracy  provided  by  the  digitizer,  the 
magnification  obtained  from  the  zoom  stereoscope  and  the  relia¬ 
bility  obtained  by  software  control  of  the  process.  Of  utmost 
importance  is  the  ability  to  use  aerial  photography  itself  to 
perform  reliability  studies  and  thereby  gain  further  insights 
into  useful  ways  to  represent  the  information  collected.  The 
statistical  analysis  when  combined  with  capability  to  plot  and 
display  the  same  information  dynamically  as  well  as  in  correct 
spatial  representation,  is  extremely  valuable  for  understanding 
watercraft  distributions  within  river  mile  segments. 


H*ot imrai-h  ?- 1  Pool  16,  RM  457-461  ,  11  August  79  9"  x  9"  Flight 


Photoqra ph  2-2  Pool  16,  RM  459-463,  11  Auqust  79  9"  x  9"  Fliaht 


Photograph  2-4  Pool  16,  RM  463.5  -  467.5,  11  August  79  9"  x  9"  Flight 


Photograph  2-5  Pool  16,  RM  466-  470,  11  August  79  9"  x  9"  Flight 


Photograph  2-6  Pool  16,  RM  468  -  472,  11  August  79  9"  x  9"  Flight 


Photograph  2-7  Pool  16,  RM  471  -  475,  11  August  79  9"  x  9"  Flight 


Photograph  2-8  Pool  16,  RM  473.5  -  477.5,  11  August  79  9"  x  9"  Flight 


Photograph  2-9  Pool  16,  RM  476  -  480,  11  August  79  9"  x  9"  Flight 


Photograph  2-1 Q  Pool  16,  RM  478.5  -  483,  11  August  79  9"  x  9"  Flight 


RM  481.5  -  485.5,  11  August  79 


Photograph  2-12  Barge-Tow  Complex 
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Photograph  2-14  Open-Hull  Motorcraft  Underway  with  Beaching  Site 
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PQQL  16  MISSISSIPPI  RIVER  -  6  DRIES 
JUNE-SEPT79  /  RM480  MRRINR  EXCLUDED 


Figure  2-1  General  Watercraft  Activity  Status 


P00L  16  MISSISSIPPI  RIVER  -  6  DRIES 
JUNE-SEPTI9  /  RM480  MAR  I  NR  EXCLUDED 


Figure  2-2  Watercraft  Location  by  Channel 


SEPT79 


P00L  16  MISSISSIPPI  RIVER  -  S  DATES 
JUNE-SEPT79  /  RM480  MARINA  EXCLUDED 


MAJOR  CRAFT  TYPES  -  LOCATION  BY  RIVER  MIL 


POOL  16  MISSISSIPPI  RIVER  -  6  DATES 
JUNE-SEPT79  /  RM480  MARINA  EXCLUDED 
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P00L  16  MISSISSIPPI  RIVER  -  6  DATES 
JUNE-SEPT79  /  RM480  MARINA  EXCLUDED 
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P00L  16  MISSISSIPPI  RIVER  -  6  DATES 
JUNE-SEPT79  /  RM480  MARINA  EXCLUDED 
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Figure  2-7  Houseboat  Distribution 


POOL  16  MISSISSIPPI  RIVER  -  6  DRTES 
JUNE-SEPT79  /  RM480  MRRINR  EXCLUDED 
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Figure  2-8  8arge  and/or  Tow  Distribution 


31ti0  ^3d 


,  ijay3  3anSB31cl  Q3H3B3^ 


<T> 

I 

CM 


<y 

V. 


Undeveloped  Beachinq 


Figure  2-10  Undeveloped  Beaching  Sites  -  Dates  of  Low  User  Density 
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Shoreline  Location 


POOL  16 


Beach  Cover 


Figure  2-13  Hunting  Blind  Distribution 


AUG79/12000FT-9X9-FR85 


Craft  Diqitized  from  Section  of  Photoqraoh  2-3.  Shoreline  Features 
Plotted  Manually  with  Zoom  Transfer  Scope 


MILES  471  - 
AUG79/ 1 2000FT 


Craft  Digitized  from  Section  of  PhotoqraDh  2-7,  Shoreline  Features  Plotted 
Manually  with  Zoom  Transfer  Scope 


FILM  FRAME  COORDINATES  IN  INCHES 
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DIGITIZED  CRRFT  -  RM48Q  MARINA 
1 1  AM-SAT- 1 1AUG79/12000FT-9X9-FR78 


O-0PEN-HULL  A-OECKED-HUll  S-P0NT00N  ©-HOUSEBOAT 


Figure  2-16  Craft  Distribution  -  Rock  Island  Marina 


FILM  FRAME  COORDINATES  IN  INCHES 
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DIGITIZED  STRUCTURES  -  RM480  MARINA 
1 1  AM-SAT- 1 1AUG79/  12000FT-9X9-FR78 
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Figure  2-17  Structure  Distribution  -  Rock  Island  Marina 
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TABLE  2-1  Target  Frequencies  for  Pool  16 
(River  Mile  480  Marina  Excluded) 


Target  (Type  of  Craft 
or  Structure) 

Handbook 

Code 

Absolute 

Frequency 

Approximate 

Percent 

Canoe 

1. 

33 

1.2 

Rowboat 

2. 

4  ' 

.1 

Inflatable 

3. 

2 

.1 

Sailboat  under  Sail 

4. 

24 

.9 

Sailboat  not  under  Sail 

5. 

9 

.3 

Open-Hull  Motorcraft 

6. 

1182 

43.4 

Deck-Hull  Motorcraft 

7. 

213 

7.8 

Pontoon 

8. 

13 

.5 

Houseboat 

9. 

200 

7.3 

Barges  -  No  Tow 

10. 

96 

3.5 

Barge-Tow  Complex 

11. 

24 

.9 

Tow  Only 

12. 

20 

.7 

Excursion  Boat 

13. 

7 

.3 

Hunting  Blind 

20. 

135 

5.0 

Covered  Boat  Slip 

30. 

208 

7.6 

Empty  Boat  Slip 

31. 

16 

.6 

Small  Uncovered  Dock 

40. 

468 

17.2 

Large  Uncovered  Dock 

41. 

28 

1.0 

Covered  Dock 

42. 

4 

.1 

Industrial -Comm.  Dock 

44. 

38 

1.4 

Total 

2724 

100.0 
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TABLE  2-2  Target  Frequencies  for  Pool  16 
(River  Mile  480  Marina  Excluded) 


River  Mile  (RM1LE)  Absolute  Frequency  Approximate  Percent 


457 

4 

.1 

458 

65 

2.4 

459 

204 

7.5 

460 

78 

2.9 

461 

25 

.9 

462 

171 

6.3 

463 

55 

2.4 

464 

86 

3.2 

465 

75 

2.8 

466 

112 

4.1 

467 

114 

4.2 

468 

96  . 

3.5 

469 

76 

2.8 

470 

131 

4.8 

471 

145 

5.3 

472 

281 

10.3 

473 

442 

16.2 

474 

86 

3.2 

475 

89 

3.3 

476 

104 

3.8 

477 

69 

2.5 

478 

54 

2.0 

479 

43 

1.6 

480 

66 

2.4 

481 

15 

.6 

482 

16 

.6 

483 

9 

.3 

Total 

2724 

100.0 
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TABLE  2-3  Target  Frequencies  for  Pool  16  for  Three  Dates 
(River  Mile  480  Marina  Excluded)^ 


TARGET 

June  21 

July  4 

Auq. 

11 

Frequency 

Approximate 

Percent 

Freauency 

Approximate 

Percent 

Frequency 

Approximate 

Percent 

Canoe 

1. 

1 

.5 

5 

.8 

15 

4.2 

Rowboat 

2. 

1 

.3 

n 

0 

0 

0 

Inflatable 

3. 

0 

0 

i 

.2 

0 

0 

Sailboat 

Under  Sail 

4. 

3 

1.4 

17 

2.8 

0 

0 

Sailboat  Not 

Under  Sail 

5. 

1 

.5 

4 

.7 

0 

0 

Open -Hu 11 

Mo tore raft 

6. 

84 

39.4 

318 

53.3 

125 

34.7 

Deck-Hull 

Mo  tore  raft 

7. 

9 

4.2 

64 

10.7 

19 

5.3 

Pontoon 

8. 

0 

0 

3 

.5 

1 

.3 

Houseboat 

9. 

13 

6.1 

36 

6.0 

23 

6.4 

Barges  - 

No  Tow 

10. 

18 

8.5- 

12 

2.0 

20 

5.6 

Barqe-Tcw 

Complex 

11. 

7 

3.3 

4 

.7 

3 

.8 

Tow  Only 

12. 

1 

.5 

4 

.7 

3 

.8 

Hunting 

Blind 

20. 

2 

.9 

13 

2.2 

22 

6.1 

Covered 

Boat  Slip 

30. 

34 

16. 

37 

6.2 

36 

10.0 

Empty 

Boat  Slip 

Small 

Uncovered 

31. 

1 

.5 

5 

.8 

2 

.6 

Dock 

Large 

Uncovered 

40. 

32 

15.0 

0 

0 

3 

.8 

Dock 

41. 

5 

2.3 

0 

0 

3 

.8 
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TARGET 

June  21 

July  4 

Auq. 

11 

4) 

01 

<u 

Frequency 

ADproximal 

Percent 

Frequency 

Approximal 

Percent 

Frequency 

Approx i mat 
Percent 

Covered 

Oock 

42. 

2 

.9 

2 

.3 

0 

0 

Industrial 

Commercial 

Oock 

44. 

0 

0 

12 

2.0 

11 

3.1 

Totals  213  100.0  597  100.0  360  100.0 


1 


See  Book  1,  Part  1  for  additional  freouencies 
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TABLE  2-4  Rock  Island  Marina  Watercraft  and  Enrnty  Slip  Data 
{Exclusive  of  Covered  Docks) 


June  21 

July  4 

Auq.  11 

Sect.  15 

Averaqe 

All  Craft 

149 

122 

180 

172 

215 

Empty  Slips 

53 

76 

61 

45 

59 

Total 

202 

198 

241 

217 

e 

g 

o 

0 
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EVALUATION  OF  METHODOLOGY 


This  section  includes  discussion  concerning  the  equipment  and 
personnel,  time,  and  cost  requirements  to  develop,  test,  and  opera¬ 
tionalize  this  methodology.  It  also  includes  our  evaluation  of 
the  method  in  respect  to  factors  which  affect  reliability,  confi¬ 
dence,  and  watercraft  interpretation,  and  includes  error  estimates. 

PERSONNEL  AND  EQUIPMENT  REQUIREMENTS 

The  methods  utilized  require  the  use  of  somewhat  soohisticated 
equipment  thereby  reouirinq  certain  personnel  abilities  (see 
Table  3.1).  As  noted,  this  includes  individuals  with  computer  pro- 
qramminq  experience  or  education,  and  airphoto  interpretation 
experience.  The  methodology,  if  utilized  in  its  present  con¬ 
figuration,  would  not  require  the  level  of  stated  skill  levels, 
Airphoto  training  could  be  accomplished  without  intensive  formal 
education.  Except  for  the  pilot  and  some  aspects  of  the  statisti¬ 
cal  analysis,  various  types  of  personnel  could  be  trained  to 
operate  the  methodology. 

In  respect  to  eauipment,  there  are  some  essential  items  (see 
Table  3.2).  Acquiring  of  70mm  film  requires  access  to  various 
items  including  an  airplane  camera,  etc.  Interpretation  of  the 
aerial  photography  requires  access  to  a  small  mini -computer  such 
as  the  Orion,  a  back  lighted  digitizer,  plus  a  zoom  stereoscone. 
Tnere  are  potential  variations  within  each  of  the  equipment  items 
but  differences  wou'd  cause  software  alterations  and  adaptations. 
Main  frame  computing  access  is  necessary  for  analysis  and  graphic 
displays.  The  equipment  requirements  consist  of  "off  the  shelf" 
technology.  The  personnel  needs  will  possibly  require  some 
training  of  existing  individuals  or  the  hiring  of  university 
graduates  with  remote  sensinq,  resource  analysis,  or  planning 
backgrounds. 

TIME  REQUIREMENTS 

Time  requirements  are  reported  in  various  forms.  Estimates 
are  provided  which  reflect  the  time  to  develop  and  operationalize 
the  methodology  (initial  time)  and  to  conduct  and  apply  the 
methodoloqy  (recurring  time)  again  without  major  modifications. 

Tim#  utilized  to  obtain  and  coordinate  photography  for  all  pools 
is  separated  from  the  analysis  of  Pool  16. 

Time  Requirements  for  All  Pools 

To  develop  and  operationalize  the  methodoloqy  for  all  pools 
required  approximately  1660  hours  (see  Table  3.3).  These  esti¬ 
mates  are  based  upon  keepinq  qeneral  records  of  time  snent  con¬ 
ducting  various  tasks.  The  various  tasks  include  such  thinqs  as 
planning  for  the  aerial,  Photography,  acquiring  the  ohotooraohy, 
development  of  the  handbook/codebook,  training  and  software 
development.  We  estimate  to  obtain  the  same  amount  of  aerial 
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photography  for  all  pools  would  require  approximately  625  hours 
of  personnel  time,  assuming  the  use  of  the  same  equipment, 
the  same  personnel,  the  same  procedures,  the  same  software,  etc. 

Time  Requirements  for  Pool  16 

To  interpret,  transfer,  and  analyze  six  fliohts  of  aerial 
photography  for  pool  16  initially  reauired  anoroximately  315 
hours  (see  Table  3.4).  This  does  not  include  acauisition  of 
aerial  photoqraohy  (see  Table  3.5).  He  estimate  to  interpret, 
transfer  and  analyze  an  additional  six  fliqhts  would  require 
approximately  255  hours. 

In  respect  to  the  interpretation  of  the  photoqraohy  itself, 
six  flights  required  approximately  11  hours  for  equipment  set  ud, 
134  hours  for  tarqet  interpretation,  20  hours  for  target  mainten¬ 
ance,  and  13  hours  for  equipment  tear-down  (see  Table  3.6). 
Because  the  equipment  was  not  located  in  a  secure  soace,  we  had 
to  set  up  and  tear  down  equipment  each  time  a  roll  of  aerial 
photoqraphy  was  interpreted.  This  time  could  be  reduced  or 
eliminated  depending  upon  the  secureness  of  the  soace.  The  time 
estimates  for  each  task  are  based  upon  a  time  loq  kept  durinq  the 
interpretation  chase. 

To  obtain  an  average  per  tarqet  time  estimate,  the  target 
interpretation  time  was  divided  by  the  number  of  targets  inter¬ 
preted  per  flight  (see  Table  3.6).  This  was  accomplished  for 
six  flights  on  pool  16.  The  overall  average  time  per  tarqet  was 
2.23  minutes  or  aporoximately  134  hours  for  the  interpretation  of 
3673  targets.  The  lowest  average  per  tarqet  interpretation  time 
was  .94  minutes  on  September  15  and  the  highest  was  3.33  minutes 
on  August  12  (see  Table  3.7). 

Conclusions  in  Resoect  to  Time 


This  variance  in  time  required  deserves  discussion.  Tarqets 
included  a  variety  of  pool  features  including  boats,  docks,  duck 
blinds,  etc.  A  tarqet  such  as  a  boat  can  be  tarqeted  in  a  marina, 
adjacent  to  a  beach,  underway,  etc.  The  most  efficient  but 
tedious  type  of  tarqets  are  located  at  large  •  arinas  such  as  the 
one  In  Pool  16  at  river  mile  480.  In  qeneral  the  efficiency 
is  due  to  reduced  frame  control  set-up  time,  .educed  necessity  to 
scan  the  film  for  targets,  and  the  reoitition  of  similar  tarqets. 
The  least  efficient  targets  are  those  which  are  scattered  within 
the  pool  such  as  boats  underway,  beached  at  sand  bars,  fishing  in 
backwaters,  etc.  To  target  watercraft  of  this  type  requires 
setting  up  each  frame's  control  points,  scanning  the  entire  frame, 
and  determining  the  type  of  tarqet  from  a  diverse  set  of  potential 
target  types. 

Some  additional  discussion  follows  for  each  fliqht.  The 
June  21  flight  required  3.15  minutes  per  target.  This  relatively 
high  target  time  is  due  to  interpreter  traininq  and  learning.  This 
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was  the  first  flight  to  be  interpreted.  This  flight  is  useful 
because  it  probably  represents  the  time  required  to  be  alloted 
for  new  unexperienced  interpreters. 

The  July  4  flight  is  an  excellent  example  because  it  includes 
the  large  marina  at  river  mile  480  and  a  diverse  set  of  targets 
distributed  in  a  variety  of  locations  in  the  pool. 

The  August  11  average  per  taraet  time  of  1.57  minutes  was 
quite  good.  The  primary  reason  for  the  good  per  taraet  time  is 
due  to  the  large  9"  x  9"  film  format.  It  renuires  considerably 
less  per  frame  control  point  set-up  time  than  the  70mm  film 
format. 

The  August  12  per  target  time  was  3.33  minutes.  This  was 
a  very  active  use  day  on  pool  16  with  many  targets  spread  over 
the  pool.  If  the  marina  at  river  mile  480  had  been  fully  imaqed, 
the  per  target  time  would  nave  probably  been  similar  to  the  2.78 
per  target  time  of  July  4. 

The  August  15  weekday  flight  per  tarqet  time  as  1.63  minutes 
even  though  the  marina  at  river  mile  480  was  only  partially 
imaged.  June  21  was  also  a  weekday  and  low  use  day,  but  as  stated 
earlier  was  the  first  flight  to  be  interpreted.  The  1.63  per 
tarqet  time  in  contrast  to  the  August  12,  3.33  per  target  time 
is  due  to  the  elimination  of  frames  because  of  the  absence  of 
watercraft  in  the  pool.  For  example,  on  Auqust  12,  446  watercraft 
were  targeted  of  which  216  were  in  use  (underwav  or  idle).  This 
means  that  about  half  of  the  watercraft  (48''.)  were  dispersed. 

On  August  15,  215  watercraft  were  targeted  of  which  59  were  in 
use  (underway  or  idle).  In  contrast  to  Auqust  12,  only  22"  of 
the  watercraft  were  dispersed  in  the  pool. 

The  September  15  fliqht  per  target  time  was  .94  minutes. 

This  time  is  a  reflection  of  being  the  last  flight  interpreted, 
includes  the  large  marina  at  river  mile  480  and  a  concentration 
of  new  duck  blinds  in  one  portion  of  pool  16.  This  resulted  in 
a  very  efficient  time  per  target  averaqe. 

In  summary,  the  best  approximation  of  per  target  time  for 
new  interpreters  Is  June  21.  For  a  busy  summer  weekend/hol iday, 
July  4;  for  a  large  film  format,  Auqust  11;  and  for  a  weekday, 
August  15. 

COSTS 

Cost  estimates  are  presented  in  various  forms.  Costs  are 
provided  which  reflect  the  costs  to  acquire  the  aerial  photograDhy, 
the  cost  to  acquire  essential  aspects  of  the  methodology  such 
as  the  Orion  computing  system,  estimated  costs  oer  tarqet  for 
six  flights  on  nool  16,  and  estimated  costs  for  data  analysis  and 
graphic  display.  The  estimates  do  not  include  such  considerations 
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as  overhead,  inflation,  etc.,  and  must  be  considered  in  respect 
to  the  unique  considerations  of  pool  16  such  as  target  density. 

Costs  for  Aerial  Photography  for  All  Pools 

The  cost  estimates  for  aerial  photography  include  the  planning 
aspects  (see  Table  3.8),  70mm  film  and  processing  costs,  aircraft 
rental  and  the  commercial  contract  for  acquisition  of  the  9"  x  9" 
infrared  photography  (see  Taole  3.9).  The  70mm  photoqraphy 
includes  coverage  of  51  pools  or  a  per  pool  cost  of  approximately 
S200.  The  9"  x  9"  contract  photography  includes  all  12  pools  for 
August  11.  The  per  pool  cost  is  approximately  $400  per  pool. 

This  $400  represents  the  low  bid  price  in  which  some  bids  were 
over  twice  the  low  bid. 

Cost  for  Data  Entry  and  Analysis 

The  methodology  utilized  to  interpret,  transfer  and  analyze 
the  photography  consists  of  various  types  of  equipment,  as 
described  briefly  before.  The  costs  to  purchase  such  a  system 
are  reflected  in  Table  3.10.  The  costs  to  utilize  this  equipment 
are  reflected  in  Table  3.11. 

Cost  Per  Target 


To  provide  a  comparison  between  various  film  formats  and 
altitudes,  Table  3.12  was  developed.  This  table  indicates  that 
there  is  variance  between  the  cost  oer  tarqet  of  lOd  on  July  4 
and  the  cost  per  tarqet  of  August  11  of  53d.  The  difference 
between  cost  per  target  in  this  example  is  primarily  related  to 
the  difference  in  film  format  costs.  Differences  in  other  per 
target  costs  are  primarily  related  to  the  number  of  targets. 

The  more  targets,  the  lower  the  cost  per  target.  This  issue  of 
target  efficiency  was  discussed  in  the  Time  portion  of  this 
section. 

Conclusions  in  Respect  to  Cost 

In  respect  to  the  contract  photography,  it  is  most  efficient 
when  the  target  use  is  at  its  peak.  If  it  would  have  been  uti¬ 
lized  on  July  4  the  per-target  cost  would  have  been  40d  due  to 
an  additional  190  (799-609)  targets  present.  Obviously,  this 
holds  for  other  photography  but  the  reduction  in  set-up  time  is 
much  faster. 

In  respect  to  using  infrared  film,  it  remains  necessary  at 
high  altitudes  for  base  control  (i.e.,  12,000  feet).  At  low 
altitudes  such  as  3500'  and  2500',  the  additional  cost  is  not 
warranted,  particularly  since  it  is  more  difficult  to  interpret 
watercraft  (see  discussion  in  this  section  on  interpreter  con¬ 
fidence). 
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From  a  cost  consideration,  there  is  also  little  to  be  gained 
by  flying  at  the  lower  altitude  of  2500  feet.  This  altitude 
requires  approximately  two  times  the  amount  of  film  which  doubles 
the  film  and  processing  cost.  In  summary  the  most  cost  effective 
film  is  color  (2448)  and  the  most  cost  effective  altitude  is  3500'. 

RELIABILITY 

Negative  Factors  Affecting  Reliability  and  Useability  of 

Aerial  Photography  Acquisition 

The  acquisition  of  aerial  photoqraphy  requires  careful  pre¬ 
paration  for  and  execution  of  each  mission.  The  following  discussion 
describes  problems  that  may  arise.  The  methodology  section  qives 
details  concerning  the  planning  and  execution  of  missions.  Table  3-13 
summarizes  problems  actually  encountered  and  Table  3-14  serves  as 
an  acquisition  guide. 

Camera  System  Failure 

Some  part  of  the  mission  or  all  will  have  no  coverage.  It 
is  unlikely  that  such  a  failure  would  no  undetected  for  very  long 
during  a  mission.  Acquisition  of  a  backup  camera  and  careful 
pre-flight  checkout  of  other  ooerating  equinmert  can  mitigate  this 
problem.  Problems  can  arise  from  battery  suoDly,  intervalometer 
or  non-synchronous  exposure. 

Flight  Planning  and  Execution  Failure 

Failures  associated  with  flight  planning  and  execution  result 
in  partial  imaging,  gaps  in  image  end-lap,  and  exposure  setting. 

The  two  former  nroblems  result  in  portions  of  the  study  area  being 
missed  entirely.  The  exposure  setting  (under  or  over)  makes 
target  interoretation  more  difficult. 

Partial  imaging  results  from  flight  planning  error,  pilot 
navigation  error  or  weather  conditions.  It  may  also  result  from 
improper  camera  set-up.  These  problem;,  are  compounded  by  lower 
altitude  missions,  Gaps  in  end  lap  means  intermittent  nortions 
of  the  study  area  are  not  imaged.  They  result  from  enqine  speed, 
weather,  or  exposure  setting.  Over  or  under  exposure  may  be 
due  to  weather  variability,  mis-calculation  or  incorrect  camera 
set-up. 

Negative  Factors  Affecting  Reliability  and  Useability  of 

Aerial  Photographic  Target  Interpretation  ~~ 

Table  3-15  relates  classification  to  film  format  and  lying 
height. 

Target  Encoding  Error 

It  is  possible  for  the  interpreter  to  encode  the  same  target 
more  than  once  or  not  encode  a  target  at  all.  All  film  interpre¬ 
tation  Procedures  have  this  practical  problem.  With  side-lan 
coverage  (two-cameras),  the  problem  may  be  compounded  since  the 
interpreter  must  look  at  two  rolls  of  film  to  avoid  making  errors. 
Procedurally  since  side-lap  is  constant,  one  roll  can  be  fully 
interpreted  and  the  parallel  roll  oartiallv  interpreted.,  End-lap 
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occurs  from  frame  to  frame  within  a  roll  and  errors  are  probably 
avoided  although  still  oossible.  Vertical  comolete  coveraqe 
(9"  x  9")  has  end-lap  coveraqe. 

Mis-Coding  Values 

Illegal  value  entry  is  detectable,  however  inappropriately 
entering  a  legal  value  cannot  be  prevented.  Feedback  and  prompting 
on  the  Orion  are  the  means  used  to  minimize  this  problem  so 
common  in  processes  employing  coding  sheets  and  keypunching. 

Film  Handling  Errors 

Once  the  film  has  been  positioned  on  the  digitizer  tablet  it 
must  not  be  moved.  If  it  has  been  moved  the  XY  target  location 
will  not  be  correct  when  related  to  a  qeo-reference  system. 

Secondly,  if  the  operator  fails  to  initialize  a  new  frame,  then 
targets  being  diqitized  will  be  associated  with  the  previous  frame's 
ground  control. 

Positive  Factors  for  Acquiring  Aerial  Photography 

(Recommendations)  ~  "  ~  ' ' .  ’ 

Aerial  photography  provides  a  permanent  record  of  baseline 
conditions.  It  can  be  re-examined  again  and  again,  extracting 
new  information.  Reliability  studies  can  be  conducted  to  estimate 
accuracy  of  interpretation  methods.  Used  in  conjunction  with  a 
digitizer  or  zoom  transfer  scope,  new  man  products  can  be  produced 
or  updated.  Aerial  photography  provides  instantaneous  coverage 
of  wide  and  site  specific  areas  simultaneously  and  quickly. 
Longitudinal  (year-to-year)  coveraqe  permits  monitoring  of  use 
and  resource  change  phenomena.  More  frequent  coverage  provides 
more  accurate  assessment  of  temporal  and  type  of  use  phenomena. 

Positive  Factors  Improving  Reliability  and  Useability  of 

Aerial  Photographic  Target  Interpretation  (Recommendations) 

Aerial  photography  provides  instantaneous  and  comolete  study 
area  coverage  and  it  also  provides  information  on  many  other 
phenomena,  including  use,  distribution  and  density  of  use.  The 
quality  of  this  information  is  a  given.  By  employing  an  Orion 
computer  graphics  system,  Talos  digitizer  and  Bausch  and  Lomb 
Zoom  Transfer  Scope,  it  has  been  possible  to  collect  a  good 
deal  more  than  sunmary  statistics  normally  derived.  The  procedures 
employed  also  considerably  enhance  the  reliability  of  the  data 
collected. 

Handbook  Development 

The  first  purpose  of  the  handbook  is  to  record  standard 
names  for  variables  to  be  collected.  These  names  improve  com¬ 
munication  among  project  personnel.  Standard  rules  for  variable 
interpretation  are  recorded  for  each  variable.  During  processing, 
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the  interpreter  uses  the  handbook  as  a  quide  and  also  uses  extra 
pages  for  each  variable  to  note  any  special  problems  or  insights. 
Early  development  of  the  handbook  helps  to  identify  adeouacy 
of  the  data  collection  plans  to  answer  study  Questions.  When  the 
project  has  concluded,  the  handbook  is  a  complete  source  book  for 
everyone  attempting  to  comprehend  exactly  what  was  done  and  how 
it  was  done.  The  handbook  is  an  absolute  requirement  to  process 
the  data  base,  since  it  also  records  legal  values  and  their  meaning. 
This  information  is  important  for  statistical  analysis  and  soft¬ 
ware  development. 

Orion  System  and  Software 

The  use  of  the  Orion  system  and  associated  software 
greatly  minimizes  the  multiple  sources  of  error  attributable  to 
coders,  keypunchers,  10  clerks  and  the  delays  of  batch  comoutinq. 
Furthermore,  the  structure  it  provides  to  the  process  greatly 
increases  the  amount  of  information  reliably  collected. 

This  approach  utilized  software  to  control,  verify  and 
display  data  entry  options.  The  control  process  included  promoting 
for  each  field  to  be  entered  and  providing  a  list  of  values  and 
their  meaning.  When  an  illegal  entry  is  made  the  operators  must 
re-enter  a  legitimate  value.  Numerous  check-DOints  are  provided 
to  go  back  several  steps  to  correct  inaporonriate  but  legitimate 
data  entry  when  noticed.  The  interactive  nature  of  this  process 
encouraged  collection  of  information  about  confidence  and  cer¬ 
tainty  regarding  interpretation  decisions.  This  information  is 
critical  to  reliability  studies  that  were  made. 

The  Orion  system  also  contains  a  floppy  disc  system  upon 
which  all  collected  data  are  written.  Thus,  the  collected  data 
are  immediately  in  machine  readable  form  and  ready  for  analysis 
as  soon  as  they  are  transmitted  to  a  main  frame  computer.  Such 
Information  analyzed  in  an  on-going  manner  is  important  feedback 
to  direct  and  control  the  interpretation  process.  The  Orion  can 
also  make  a  copy  of  one  disk  from  another,  thus  preventing  any 
accidental  data  loss  by  creatinq  a  backup. 

Zoom  Stereoscope/Talos  Digitizer/Orion  System 

The  Zoom  Stereoscope  is  used  to  scan  and  enlarge  film  placed 
on  the  digitizer  surface.  Without  the  ability  to  maqnify  the 
image,  classification  of  target  types  is  very  crude  (baroes  and 
other).  However,  it  is  from  the  combined  use  of  these  three 
pieces  of  equipment  that  the  reliability,  versatility,  and  volume 
of  information  collected  is  actually  realized. 

The  use  of  control  points  for  each  film  frame,  where  the 
operator  locates  points  on  the  film  frame  that  correspond  to 
known  points  on  USGS  auadranale  maps,  caused  the  imaqe  to  be  care¬ 
fully  examined.  These  same  control  points  can  be  used  to  trans¬ 
late  target  locations  to  a  geo-reference  system  such  as  latitude- 
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longitude.  It  Is  Implicit  that  the  XY  location  of  each  target 
in  each  frame  is  known  and  therefore  the  reliability  of  the  entire 
process  can  be  assessed  just  by  repetition.  It  is  also  implicit 
that  the  relative  spatial  distribution  of  targets  is  known  and 
becomes  part  of  the  machine  readable  record  along  with  many  other 
variables  associated  with  the  target. 


i 
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ERROR  ESTIMATES 

Error  Examples 

Any  data  collection  process,  with  its  numerous  staqes  of 
processing,  is  going  to  contain  errors.  These  are  of  two  types: 
.{!)  inappropriate  interpretation  and  (2)  mis-codinq.  Training 
handbooks  and  auxiliary  equipment  usinq  snecial  procedures  are 
means  to  minimize  the  former.  Mis-codinq  can  be  greatly  mini¬ 
mized  by  employing  comouter  assisted  data  canture  and  entrv. 

It  is  understood  that,  without  training,  two  interpreters 
will  develop  very  different  decision  rules.  The  development  of 
the  handbook  and  its  use  as  a  record  of  problems  and  insights 
assures  greater  consistency  among  interoreters.  The  use  of  the 
TALOS  digitizer  and  control  points  caused  all  images  to  be 
completely  and  carefully  scanned. 

Mis-coding  really  contains  two  sub-categories.  The  first 
relates  to  making  a  correct  interpretation  but  nrovidinq  a  legiti¬ 
mate  but  different  response.  Very  little  can  be  done  about  this 
kind  of  error.  The  second  category  is  seldom  recognized  but  can 
be  dealt  with  quite  easily  when  using  a  ,/stem  like  the  ORION, 
where  software  can  be  written  to  check  c^ta  entry  for  being 
legitimate  (specific  values  and  ranqes)  «nd  consistent  with  other 
data  being  entered. 

Almost  all  variables  were  controls  in  this  manner.  TARGET 
and  RMILE  were  controlled  to  the  ranqec  00"  to  "OR"  and  "000" 
to  "999"  respectively.  Examination  of  Combined  Freouencies 
Book  2,  Part  1  reveals  very  few  mis-cod  ,tg  errors.  On  nage  42 
of  Part  1  of  Book  2,  one  target  has  beer  classified  as  a  "69" 
illegally  since  this  code  was  not  used.  With  aporonriate  cross 
tabulation  the  offending  record  can  be  located  and  traced  back 
to  the  original  film  frame  for  correction  On  naae  44  of  the 
same  book,  Part  1,  illegal  river  mile  vakes  (RMILE)  have  been 
entered  four  times.  Again,  qivea  the  methjds  of  data  canture, 
these  records  can  be  located  on  film  and  it:  the  data  base  for 
correction. 

Another  technique  employed  to  detect  mis-codinq  of  both 
kinds  Is  to  cross  tabulate  inter-dependent  variables.  This  should 
be  planned  into  the  handbook  as  a  valuable  error  discovery  tech¬ 
nique.  One  example  of  this  occurs  in  Book  7  on  page  17  of  Part 
2.  This  is  a  cross  tabulation  of  river  mile  by  "dock  tarqets" 
within  the  river  mile  480  marina.  The  target  class  31,  "covered 
boat  slip",  was  entered  by  the  interpreter  46  times.  This  marina 
does  not  contain  any  covered  boat  slips.  In  this  case  it  was 
possible  to  discover  this  problem  because  of  the  same  data 
collected  redundantly  from  other  dates  and  by  judicious  use  of 
cross  tabulation. 


Extremely  low  error  rates  have  been  achieved  by  intearatinq 
the  data  encoding  process  with  machine  readable  record  creation. 

The  various  equipment  comoonents  have  each  played  an  important 
role  in  this  accomplishment  both  in  increasing  the  amount  of 
information  collected  and  the  quality. 

Target  Confusion  and  Confidence  Measures 

The  target  confusion  matrix  in  Table  3-14,  a  compilation  based 
on  interpreter  experience,  is  indicative  of  the  distinquishabil i tv 
between  target  types  and  the  likelihood  of  a  given  tarqet  type 
being  mis-  or  cross-classified.  Instructions  for  use,  definitive 
assumptions  and  conclusions  follow  with  sunnortinq  evidence 
from  the  tarqet/confidence/film  tyne/attitude  cross  tabulations. 

The  following  is  a  discussion  of  tarqet  distinquishabil ity 
and  likelihood  of  cross-classification  (target  confusion). 

Assumptions:  made  in  formulation  of  matrix  in  Table 

3-16. 

1.  Decked  hull  and  houseboats  were  subcateqorizeri  into 
small  and  larqe  types  for  illustrative  purposes, 
although  only  one  generic  target  code  exists, 

as  indicated. 

2.  Entries  relative  to  rowboats  imply  tarqets  are 
stationary  (i.e.,  not  underway). 

3.  The  last  category  (similarly  sized/shaoed  objects) 
by  definition,  has  no  target  code,  but  is  signi¬ 
ficant  in  the  distinguishable  ity  of  tarqets  in 
the  context  of  size  and  shape. 

Conclusions:  see  also  the  discussion  on  confidence 
measures  which  follows: 

1.  Di stingui shabi 1 ity  is  directly  related  to  tarqet 
size. 

a.  Targets  of  larqer  size  are  easily  distinguished 
1>om  other  tarqets  of  similar  large  size,  but 
different  shapes. 

b.  Tarqets  of  larqer  size  are  very  easily  dis¬ 
tinguished  from  smaller  size  targets,  given 
some  frame  of  reference  by  which  to  judge 
scale  visually. 

•  c.  Smaller  size  tarqets  become  progressively 
more  difficult  to  distinguish  from  other 
small  tarqets  unless  gross  differences  in 
shape  are  discernable. 

2.  Indistinguishabil ity  of  a  given  type  target  from 
other  similarly  sized/shaped  objects  not  otherwise 
given  a  target  code  should  decrease  with  increasing 
size. 
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Experience  indicates  that  certain  factors  are  correlated 
with  interpreter  confidence  measures  in  tarqet  classification. 

Target  size/shape  (part  T,  Book  5):  the  larqer  the 
tarqet  and/or  the  more  distinctive  and  unique  its  shape,  the 
greater  its  confidence  level  in  classification.  Large  water¬ 
craft  (houseboats,  barges,  tows,  excursion  boats)  and  distinc¬ 
tively  shaped  targets  (hunting  blinds,  docks,  and  boat  si  ins) 
tended  consistently  to  exhibit  a  high  percentage  freouency  of 
"very  sure"  (01)  confidence. 

Reasons  for  lack  of  confidence  (see  part  1,  Book  5): 
with  the  smaller  tarqets,  code  01  "shape/confiquration  not  well 
defined"  was  the  major  reason  for  lack  of  confidence  in  the 
WHY  1  through  WHY4  series  of  variables.  Aside  from  that, 
partial  imaging  due  to  tree  canopy  (code  06)  was  the  only  other 
significant  reason  for  lack  of  confidence. 

Flight  altitude  (see  part  2,  Book  5):  combining  the  CONF 
"very  sure"  and  "educated  quess"  categories  together  (codes  01 
and  02,  respectively) ,  one  finds  no  significant  difference  in  the 
(overall  high)  confidence  ratings  based  on  altitude,  considering 
that  the  two  3500'  flights  were  the  first  to  be  targeted.  This 
appears  to  hold  true  also  for  craft  in  the  Rock  Island  Marina. 

The  overall  confidence  at  the  3500'  altitude  again  appears  lower 
than  for  either  the  2500'  imaqery  or  the  9"  x  9"  imaqery  and 
again  is  accounted  for  in  the  "learninq"  process:  the  two  3500' 
flights  were  the  first  ones  to  have  the  RI  Marina  tarqeted.  As 
the  other  lower  altitude  and  the  9"  x  9"  imagery  were  targeted, 
a  pattern  in  the  marina  slioDage  according  to  craft  t.yoe  and  size 
had  become  evident  resulting  in  the  observed  hiqher  confidence 
levels  in  those  categories. 

Film  type  (see  oarts  1  and  2,  Book  6):  of  the  two  dates 
(June  21  and  August  15),  when  both  normal  color  and  color  infra¬ 
red  70mm  film  was  used,  there  appears  to  be  no  significant  dif¬ 
ference  in  confidence  levels  based  on  film  tyoe.  The  anoarent 
difference  in  confidence  levels  between  the  two  dates  is  related 
more  to  the  seauence  in  digitization  (June  21  early  and  August 
15  later)  than  to  the  differences  in  altitude. 

Oocks 


Excluding  the  dockage  in  the  RI  Marina  at  river  mile  480, 
a  rather  definite  discrepancy  was  observed  in  the  dockage  along 
the  rivers,  as  evidenced  by  the  frequency  by  river  and  flight 
date  shown  in  Table  3-17.  The  river  miles  marked  with  an 
asterisk  (*)  in  the  table  were  re-examined  across  all  four  flight 
dates  simultaneously  so  that  the  factors  contributing  to  such 
significant  discrepancies  could  be  determined.  Certain  con¬ 
clusions  were  drawn  from  the  re-examination: 
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1.  New  docks  were  being  constructed  throuqh  the  course 
of  the  summer. 

2.  Towards  the  end  of  the  summer  and  early  fall,  docks 
were  being  torn  down  or  removed. 

3.  The  presence  of  larger  boats  by  the  shoreline  (but  not 
beached)  led  to  the  presumption  that  they  were  docked 
at  rather  small  docks  hidden  from  view,  usuallv  in 
the  general  area  where  another  dock  or  docks  were 
visible. 

4.  Interpreter  ’''riabil ity  in  photo  interpretation  criteria, 
as  previous  Jisctissed,  exdains  in  oart  the  incon¬ 
sistency  be  .ween  interpreters  (June  21  and  August  11 

by  one,  July  4  and  September  15  by  the  other). 

It  should  be  noted  that  the  re-examination  of  all  four 
flights  simultaneously  allowed  inter-fliqht  comparisons 
that  were  not  nart  of  the  routine  procedure  durinq 
digitization. 

5.  Partial  imaging  of  the  shoreline  at  the  lower  altitude 
can  result  in  the  "loss"  of  docks. 

6.  Scanning  overs. qht  by  the  interpreter  can  result  in 
missed  targets. 

• 

Re-examination  dock  counts  are  shown  in  Table  3-18.  Time 
for  the  re-examination  was  approximately  six  hours. 

River  mile  459:  Two  docks  had  been  added  over  the  course 
of  the  summer,  one  each  between  June  21  and  July  4,  and  July  4 
and  August  15,  and  the  removal  of  one  between  Auqust  15  and 
September  15.  The  differences  apparent  in  the  table  and  not 
accounted  for  by  addition  and  removal  of  docks  was  related  to 
interpretative  variability. 

River  mile  466:  The  addition  of  three  docks  between  June  21 
and  Auguct  11  was  apparent.  On  the  June  21  f 1 i qht  part  of  the 
shoreline  along  which  five  of  the  docks  were  located  was  not 
imaged.  That  and  the  construction  of  new  docks  later  in  the 
season  accounts  for  the  extraordinary  low  count  for  that  date. 
There  is  a  hint  of  two  new  docks  beina  built  on  July  4,  but  were 
detectable  only  because  the  September  15  imaqery  was  being 
viewed  simultaneously.  Likewise  for  the  August  11  imaqery. 

River  miles  470-472:  One  new  dock  was  evident,  as  was  the 
removal  of  one,  and  that  curiously  enough,  was  found  to  be  between 
August  11  and  September  15.  Interpreter  variability,  idle  boats, 
and  the  presence  of  what  appears  to  be  similarly  sized  and 
shaped  objects  (such  as  fallen  trees),  introduce  an  element  of 
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target  indistinguishability  and  confusion  into  this  area.  The 
images,  whether  or  not  they  are  indeed  docks,  are  essentially 
identical  across  all  four  flights. 

June  21  Reliability  Tests 

As  a  test  of  the  interpretation  reliability  and  as  a  means 
to  develop  comparative  time  estimates  of  alternative  methods  of 
data  capture  two  additional  passes  were  made  over  the  June  21 
flight.  In  the  first  test  (second  run)  all  procedures  were  keot 
the  same  exceDt  that  docks  and  emoty  si  ins  were  not  encoded  nor 
were  control  points.  In  the  second  test  (third  run)  a  strictly 
manual  (hand)  count  of  boat  types  was  carried  out.  The  results 
o'  *hese  tests  are  tallied  in  Table  3-19.  The  June  21  data  was 
trie  first  data  encoded.  The  first  test  was  conducted  eight 
weeks  later.  The  second  test  was  conducted  about  two  weeks  after 
the  first  test. 

Some  general  conclusions  may  be  d"awn.  There  is  no  doubt 
that  the  most  reliable  procedure  of  the  three  is  the  original 
procedure,  recordinq  control  points,  docks  and  empty  si  ins. 

This  procedure  is  che  most  time  intensive  of  the  three  but  yields 
proportionately  more  information  for  that  time  investment. 

TV'::  ctults  of  the  original  interpretation  and  the  first 
test  were  quite  inconsistent  especially  when  cornered  bv  frame. 
The  second  test  was  conducted  to  determine  the  reliability  of 
the  first  test  method.  It  should  be  noted  that,  to  remain 
objective,  both  tests  were  conducted  without  benefit  of  data 
from  tne  other  encodinq  passes.  It  should  be  noted  that  in 
making  river  mile  judgements  interpreters  had  to  look  awav 
from  the  film  and  examine  a  USGS  topographic  nuadrangle  mao 
upon  which  river  miles  were  i/rked. 

The  second  test  confirms  the  results  of  the  oriqinal  pro¬ 
cedure  very  closely.  The  only  major  difference  between  the 
original  pass  of  the  June  21  flight  and  the  first  test  (other 
than  the  digitization  of  watercraft  only)  was  the  elimination  of 
control  points.  This  most  likely  resulted  in  less  careful 
exs''ination  of  the  film  images  and  accounts  for  most  of  the 
discrepancies.  The  other  contributing  factor  is  interpretative 
confusion  between  craft  types  (see  target  confusion  matrix  in 
Table  3-15). 
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TABLE  3-1  Personnel  Requirements 


Pilot 


-  single  enqine  rated 

-  low  altitude  flight  knowledge 

Photographer 

-  two  collecie  level  courses  in  photogrammetry 

-  knowledge  of  small  format  systems 

Aerial  Photography  Manager 

-  basic  librarian  skills,  indexing 

-  mao  readinq  skills 

Computer  Programmer/Systems  Analyst 

-  knowledne  of  data  structures 

-  experienced  with  graphics/digitizers 

-  experienced  in  on-line  data  collection 

-  knowledge  of  statistical  procedures 

Airnhoto  Interpreter 

-  natural  resource  background 

-  college  level  course  in  photo-interpretation 

Clerical:  Flight  Line  Data  Entry 

-  typing  ability 
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TABLE  3-2  Equipment  Requirements 

A.  AERIAL  PHOTOGRAPHY 

1.  Air  Plane  (single  engine  overhead  winq  with  belly-hole) 

2.  Camera  Mount  (allow  for  oblique  ohotonranhy) 

3.  Two  Motor  Driven  70mm  Hasselblad  Cameras 

4.  Intervalometer 

5.  Exposure  Calculator 

B.  INTERPRETATION 

1 .  Small  Light  Table 

2.  ORION  Computinu  System 

3.  Digitizer 

4.  Zoom  Stereoscope 

C.  ANALYSIS 

1.  Main  Frame  Computer 

2.  Plotter 


3-19 


TABLE  3-3  Time  Requirements  for  All  Pools  in  Hours 


A.  ,  Aerial  Photography  Planning 

1.  Review  and  analysis  of  photo- 
grammetric  principles 

2.  Design  of  camera  mount 

3.  Handbook  codes  for  photography 

4.  Flight  template  preoaration 

5.  Fliqht  map  layout  and  pro¬ 
duction  (17  map  pairs  G>  5  hrs/ 
map  pair) 

B.  Aerial  Photography  Acquisition 

1.  Mission  planning  (14  missions 
?  3  hrs/mission) 

2.  Acquisition  of  film  and  pre¬ 
paration  (156  rolls  for  51 
flights) 

3.  Fliqht  times  (14  missions  @ 

110  hrs) 

4.  Preoaration  and  conduction 
of  9"  x  9"  contract 

5.  Film  processing  shipment 

(14  missions  @  2  hrs/mission) 

6.  Flight  log  transcription  (for 
data  encoding  purposes,  51 
flights  @  1.5  hrs/fliqht) 

C.  Handbook/Codebook 

1.  Initial  development 

2.  Adaptation  and  refinement 

0.  Equipment  Construction  and 

Adaptation  for  Zoom  Stereoscope 

1.  Design 

2.  Construction  and  fabrication 


Initial 


Initial  time  values  represent  estimates  to  conduct  the  methodo¬ 
logy  as  developed  and  operational i zed. - 


Recurring  time  values  represent  estimates  to  conduct  thp  methodo¬ 
logy  again  as  operationalized.  Estimates  reflect  all  12  oools. 
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1  2 

E.  Preparation  for  Aerial  Initial  Recurring 

Photography  Interpretation 


1. 

Map  and  mylar  preparation 

10 

0 

2. 

Film  numbering  (10  min/roll) 

25 

25 

3. 

Conformance  check  with  flight 
logs  (10  min/roll ) 

25 

25 

4. 

Screening  for  partial  imaging, 
lack  of  endlap  and/or  si  del ap 

(20  min/roll ) 

50 

50 

no 

100 

Operator  and  Interpreter  Training 

1. 

Use  of  mini-computer 

60 

0 

2. 

Use  of  digitizer 

48 

0 

3. 

Use  of  zoom  stereoscope 

12 

0 

4. 

Method  checkout  and 
review 

120 

0 

2^0 

0 

Software  development 

(Fortran/Assembly) 

1. 

Utility  software  for 

ENTER  and  BDIGITIZ 

40 

0 

2. 

Disk  10  (Input/Outnut)  soft¬ 
ware  for  ENTER  and  BDIGITIZ. 

30 

0 

3. 

Digitizer  related  10  soft¬ 
ware  for  BDIGITIZ 

10 

0 

4. 

Development  of  SENPMS 
data  transfer  software 

45 

0 

5. 

DISPLAY  software  (2  programs) 

35 

0 

6. 

ED60R7  software 

10 

0 

7. 

ENTER  -  driver  for  flight 
log  data 

50 

0 

8. 

BDIGITIZ  -  driver  for  target 
encoding 

50 

0 

270 

o 

Data  Entry 

1. 

FI ightl ine  data  entry 

120 

120 

2. 

Flightline  data  book 

30 

30 

1 50 

m 

Total  time  to  develop  and 

operationalize  methodology  1660  hrs. 


Total  time  to  re-operational ize  methodology 


625  hrs. 
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TABLE  3-4  Time  Requirements  for  Initial  Aerial  Photography 
Interpretation  Tasks  for  Pool  16  in  Hours 1 


Aerial  Photography  Interpreted 

Initial 

Recurri 

for  Pool  16 

1.  Equipment  set-up 

11 

11 

2.  Target  interpretation 

134 

134 

3.  Target  maintenance 

20 

20 

4.  Equipment  tear  down 

13 

13 

T78 

178 

Oata  Transfer 

1.  Transfer  of  ORION  data  to  1.180 

17 

17 

IT 

~T7 

Oata  Analysis 

1.  Statistical 

50 

20 

2.  Graphic 

70 

40 

120 

60 

Total  time  to  initially  interpret 

Pool  16 

315  hrs. 

Total  time  to  re-interpret  Pool  16 

256  h 

Initial  time  includes  the  amount  of  time  fo  internet,  data 
transfer  and  data  analysis  for  six  flights  in  doo!  16,  qiven  our 
environmental  conditions.  In  respect  to  interpretation  for 
example,  a  dedicated  and  secure  environment  for  the  machinery 
would  reduce  equipment  set  up  and  tear  down  time  needs. 
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TABLE  3-5  Flight  Time  Requirements  for  Pool  16 

(not  Including  contracted  9"  x  9"  nhotograohy) 


Item 

21  Jun 

4  Jul 

Fliqht  date 
12  Auq 

15  Auq 

15  Seo 

Transit  time: 
to /from  river  • 
■interpool 

2:35 

1:25 

2:00 

1 :30 

3:05 

1 :05 

2:50 

2:25 

2:25 

1:20 

Photoqraphic  time: 

Pool  16 
other  pools 

0:30 

1:55 

0:30 

1:25 

0:40 

0:35 

0:40 

2:05 

0:45 

1:30 

Ground  time: 
refuel/film  change 
weather  wait 

1:00 

0:40 

1:35 

0:55 

2:15 

0:55 

Total  time 

7;  2  5 

7:40 

6:20 

10:15 

.  6:55 

No.  frames  in  flight 
(Pool  16) 

no 

116 

200 

208 

206 

No.  rolls  film 
(Pool  16) 

2 

2 

4 

4 

4 
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TABLE  3-6  Time  Required  to  Interpret  Aerial  Photoqraphy  for 
Pool  16  in  Minutes 


Fliqht  Oate 

Equipment 
Set  Upl 

Tarqet 

Interpretation2 

Target 

Maintenance2 

Equipment 
Tear  Down4 

June  21 

75 

1335 

100 

75 

July  45 

165 

2220 

200 

165 

Aug.  11 

15 

955 

285 

100 

Aug.  12 

160 

1975 

170 

170 

Aug.  15 

124 

841 

274 

59 

Sept.  15 

138 

692 

176 

182 

Total  in 


minutes 

677 

8018 

1205 

751 

Total  in 

hours 

11.3 

133.6 

Equipment  Set  Up.  Includes  removing  equipment  from  security 
cabinets,  settinq  up  zoom  stereoscope,  turninq  on  machines  and 
organizing  and  getting  film  in  position  as  many  times  as  neces¬ 
sary  to  complete  each  flight  since  it  could  not  be  accomplished 
in  one  session. 

2 

Target  Interpretation.  Includes  dec  id i nq  the  target  tyoe,  dini- 
tizing  control  points,  locating  and  mounting  Quad  mans,  identifyino 
control  points,  labeling  control  points,  and  encodinq  information 
about  the  target.  Tarqet  interpretation  includes  only  the  actual 
time  interpreting  and  encodinq  targets.  Does  not  include  any 
break  time,  interruptions,  etc.  This  estimate  must  be  viewed 
as  being  the  minimum  amount  of  time  needed  to  accomplish  this 
task. 

3 

Target  Maintenance.  Includes  copying  files,  editing  files  and 
miscellaneous  operations. 

4 

Equipment  Tear  Down.  Includes  re-storinq  of  equipment,  dis¬ 
mantling  zoom  stereoscope  and  re-organizing  film. 

b 

During  the  interpretation  of  this  fliqht  there  were  operator 
failures  due  to  filling  of  a  disc. 


Film  2448  is  color  positive  transparency  film  and  2443  is  color  infrared  positive  transparency  film. 


3-25 


TABLE  3-8  Costs  for  Aerial  Photography  Planninq  for  all  Pools 
(In  1979  dollars) 


Initial  Recurrino 


Fabrication  of  Camera  Mount  655  to 
provide  for  oblique  photography 

655 

0 

Flight  Line  Planning  Maps 
(includes  photoreduction  of 

Navcharts,  mosaicing  negatives, 
production  of  mylars) 

300 

0 

Printing  of  Maps 

50 

0 

Ground  Control  Maps 
(53  in  total ) 

155 

0 

$1160 

0 
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TABLE  3-9  Cost  for  Aerial  Photography  Acquisition  for  all  Pools 
(in  1979  dollars)^ 


70mm  Photogranhv  9  x  9"  Photograohy 
(51  pools) _  (12  pools) _ 


A.  Film 


1.  2443.  IR  (20  rolls  @ 


20. 10/ roll) 

400 

2.  2448  Color  (136  rolls 

9  14.20/rol  1 ) 

1930 

2230 

Processing 

1.  156  rolls  0 

15. 00/ roll 

2340 

2340 

contract 

consisted  of  film, 
processing  and 
aircraft  rental 

Air  Craft  Rental 

1 .  110  hrs.  0  50/nour 

5500 

5500 

$10170  for 

51  cools,  or 

SI  99/ pool 

$4800  for 

12  pools, 
or  $400/oool 

To  reconduct  all  flights  will  vary  unon  the  cost  of  the  air¬ 
craft  rental  and  film  costs  reflect  bulk  purchases  before  recent 
rise  in  film  cost  due  to  the  rise  in  the  price  of  silver. 
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TABLE  3-10  Costs  and  Characteristics  of  the  Tarqet  Data  Collection 
and  Interoretation  System  (in  1979  dollars) 


ORION  60/S4  Computer  System  $  17,025 

-  Touch  Panel  (tactile  input) 

-  56K  Memory 

-  RS232C  Interface 

-  Plasma  Graphic  Display 

-  Rear  projection  of  images  on  display 

-  8"  diskette  floppy  drives  (2-250k  bytes  each) 

-  Expandable  options 

GANDALF  LDS-120's  300 

Link  to  large  mainframe  and  tele¬ 
communications  networks 

TALOS  Rear  Projected/Back  Lighted 

60"  x  44"  Digitizer  9,085 


Bausch  and  Lomb  Zoom  Stereoscope  3,057 


S  29,467 


o r,  assuming  a  60  month  useful  life  0  172  hrs/month, 
the  per  hour  cost  to  use  the  system  is:  $2. 85/hr. 
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TABLE  3-11  Costs  for  Data  Entry  and  Analysis  for  Pool  16 


Initial 

Recurring 

A.  ORION  ComDutinq  System5 

1.  Target  Interpretation  and. 
Transfer 

1668 

1658 

770 

*77?) 

B.  UMIVAC  11 00/80 1 

3002 

1.  Oata  Transfer 

300 

2.  Statistical  Analysis 

300 

1503 

3.  Graphics 

300 

2504 

loT 

*700“ 

Total  Cost  for  Target  Interorstation , 
Transfer  and  Oata  Analysis 

$2568 

Total  Cost  to  Reconstruct  Similar  Study 

$1400 

_jsts  are  for  University  of  Wisconsin-Madison  Academic  Computing 
Center  and  also  included  fixed  file  charnes. 

? 

Constant  oer  case. 

3 

Major  cost  associated  with  printing. 

4 

Less  likely  to  be  standardized. 

5 

This  is  based  upon  a  60  month  useful  life  0  172/hrs. /month. 


TABLE  3~ 1 2  Per  Target  Costs  for  Pool  16  (in  1979  dollars) 
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TABLE  3-13  Air  Photo  Errors  vs.  Flight  Date 

(errors  typical  of  those  affecting  interpretability) 


Error  Type 

Fliqht  Date/Circumstance 

Partial  Imaging 

(Pool  16)  August  12,  Auqust  15 
(RI  Marina) 

June  21  (RM  466  area) 

Gaps  in  Endl ap/Si del ap 

Sidelan  gaos  incidental  in  most  of 
2fi0n '  nhotoqraphy  (traceable  to 
template  design  error) 

Exposure  Setting 

May  26  (underexoosed  color  IR) 
fcr  Pool  13 

Camera  Failure 
(batteries) 

May  28  (Pools  16  and  21 ) 

June  21  (Pool  21) 

Non-synchronous 

Exposures 

May  28  (Pool  16) 

Flight  Line  Template 

Oesign 

All  2500'  Flights  -  pass  width 
too  wide 
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TABLE  3-14.  Acquisition/Interpretation  Suitability  Matrix  for 
Format  System  vs.  Operational  Factors 


OPERATIONAL  FACTORS 


au Little  or  no  turbulence 

ca  <-> - 

“3 Severe  turbulence 

i—  — j 


s  .  ©  if)  o  ifi  o 

cnc  c*  j=  m  1^  n  gin 

x  3)  •— vo  r>N 

vo  x  rr  , —  xcvjr—  x  vo  r— 

=  11  N  II  II  CO  II  II  CO  II  II 


u-j  Light  haze 
=i  Extreme  haze 


y  Clear 

UJ  ■ 

~  Scattered 

c  Broken _ 

w  Overcast 


100?$  aerial  coverage 


Degree  of  redundancy  in  forward  endlaD 


Minimizing  multiple  boat  countin 


Stereoscopic  viewin 


Viewing  under  tree  canopies 


Minimizing  of  flight  time 


No.  of  exposures  required  at 
same  flying  height 


No.  of  flight  lines  required  at 
same  flying  height 


>  r-  40 

f— *  r— •  #0 

O  <0 

in 

0)  S.  4-  XI  </) 

a;  ?  n  n  «i 

<4-  i.  4-)  -O 
E  ,  U  fl  3 

4)  L.  i.  o  +J 

U  UJ  HI  'f  'r 

in  3t  *o  "O  +o 

</)  Ol  3  —•  <c 


Minimizing  overall  film  viewing 
complexit 


1500 

Ft, 

AMT 

2500 

Ft. 

AMT 

3500 

Ft. 

AMT 

4500 

Ft. 

AMT 

|>4500  Ft 

AMT 
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TABLE  3-14 
LEGEND:  1 


Appropriate  (Hiqh  Reliability  -  Minimal  Deviation) 

Marqinally  Approoriate  (Moderate  Reliability  -  Accentable 
Deviation) 

Inappropriate  (Low  Reliability  -  Unacceptable  Deviation) 
Unknown 


« 


9 


TABLE  3-15  Classification  Reliability  Matrix  for  Format/Photo  Scale  vs.  Boat  Type 
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TABLE  3-17.  River  Mile  x  Flight  Date  Crosstab  for  Small 
Uncovered  Docks  (excluding  RM  480  Marina) 

(Target  Code  40) 

(for  the  four  fully-imaged  RM  480  Marina  flights) 


Note:  River  miles  marked  with  an  asterisk  (*)  were  re-examined 
across  all  four  fliahts  simultaneously. 
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TABLE  3-18.  Re-examined  Small  Uncovered  Dock  Counts 


June  21 

July  4 

Auqust  11 
(r  X  9") 

Sept.  15 

PM  459 

count:  8 
roll  67-015 
frames  37-38 

count:  9 
roll  67-007 
frames  40-42 

count:  9 
frame  87 

count:  8 
roll  64-403 
frames  4-6 

RM  466 

count:  3 
roll  67-015 
frame  28 

count:  10 
roll  67-011 
frame  32 

count:  11 
frame  84 

count:  11 
roll  64-408 
frames  13-14 

!  . 

1 

RM  470 
-  472 

t 

count:  15 
rolls  67-019 
67-015 
frames  20-24 
20-24 

count:  15 
rolls  67-007 
67-011 
frames  22-27 
22-27 

count:  15  count:  15 

frame  82  rolls  64-404 

1  64-403 

1  frames  30-32 
20-26 

j-39 
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REQUIREMENTS  FOR  AERIAL  PHOTOGRAPHY 

There  are  two  major  processes  involved  in  obtaining  the  aerial 
photographic  imagery  and  readying  it  for'  interpretative  processing. 
The  general  tactical  requirements  under  each  of  these  processes  are: 

acquisition:  planning,  flying,  and  film  processing 
management:  accession  system,  storage,  and  imagery 

screening 

Logistical  requirements  for  both  acquisition  and  management  are 
discussed  prior  to  the  two  process-oriented  sections. 

LOGISTICAL  REQUIREMENTS 

Logistical  requirements  are  broken  down  into  five  categories: 
personnel,  equipment,  supplies,  services,  and  physical  space. 
Contractual  (as  opposed  to  in-house)  acquisition  of  aerial  photo¬ 
graphy  is  discussed  in  the  section  dealing  with  services. 

Personnel  requirements 


The  three  personnel  requirements  are:  pilot,  photoqraDher,  and 
aerial  photography  manager.  Pilot  and  Dhotoqrapher  reauirements  are 
based  on  in-house  acquisition  of  the  aerial  Photography.  Reference 
to  the  masculine  gender  in  the  text  in  no  way  indicates  sex  as  a 
constraining  factor. 

Pilot 

The  pilot  must  be  single  engine  rated  and  should  be  locally 
based.  Long-distance  phone  calls  and,  on  occasion,  scrubbed  mis- 
'-'ons  can  result  In  strained  relations  between  nhotoqraoher  and 
pilot.  The  pilot  should  be  able  to  handle  the  aircraft  at  rela¬ 
tively  low  altitudes,  where  turbulent  thermal  air  currents  fre¬ 
quently  buffet  the  aircraft,  for  the  major  portion  of  a  flying  day 
(six  to  ten  hours),  with  refueling  stops  as  necessary,  without 
physical  fatigue  to  the  point  of  compromising  flight  safety. 

Photographer 

The  photographer  must  have  a  basic  working  knowledge  of  photo- 
grammetry,  at  least  in  the  areas  of  photographic  scale,  flight 
planning,  the  use  of  small  format  photographic  systems,  and  film 
characteristics.  He  should  also  be  locally  based,  for  reasons 
similar  to  those  for  the  aircraft  pilot,  and  must  be  able  to  adapt 
to  the  spatial  disorientation  phenomena  characteristic  of  low  alti¬ 
tude,  highly  maneuvered  fliqht  in  liqht  aircraft  and  perform  his 
photographic  task  reliably. 
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Aerial  photography  manager 

There  are  no  highly  specialized  requirements,  but  the  photo¬ 
grapher  is  a  logical  first  choice  for  this  position,  availability 
and  time  permitting.  A  basic  familiarity  with  map  reading  and 
air  photo  .interpretation  is  recommended. 

Equipment  requirements 

Equipment  requirements  are  broken  down  into  specific  sections: 
aircraft,  photograohic  system,  camera  mount,  drawinq/draftinq  system, 
film  storage,  and  film  viewing. 

Aircraft 

A  contractual  (rental  availability)  agreement  for  aircraft 
and  pilot  is  highly  recommended,  if  the  capability  does  not  exist 
in-house.  The  aircraft  should  be  a  lioht,  single  engine,  overhead 
wing  aircraft  with  belly-hole,  similar  in  nature  (cabin  size,  cruisino 
speed  and  distance)  to  the  Cessna  180  (Dictured  in  nnoto  4-1)  used  in 
this  project.  The  four-hour  cruisinq  capability  of  the  Cessna  180  • 
was  sufficient  for  our  logistical  requirements.  Cabin  size  should 
permit  seating  of  the  photographer  (facing  either  forward  or  back¬ 
ward)  and  storage  of  photographic  enuioment.  The  belly-hole  should 
be  centrally  located,  permitting  the  forward  or  rear-faced  seating 
of  the  photoqrapher.  With  an  open  belly-hole  (the  configuration  of 
our  flights)  the  photographer  should  sit  forward  of  the  belly-hole 
to  minimize  direct  inhalation  of  incoming  exhaust  gases.  No 
serious  problem  of  this* type  occurred  during  the  course  of  our 
flights,  but  the  previous  experience  of  others  seated  aft  of  an  open 
belly-hole  suggests  discretion  in  this  area.  IT  the  belly-hole  is 
to  be  closed  (windowed)  under  operational  conditions,  the  use  of 
safety  plate  glass  Is  recommended  to  minimize  scratching.  This 
might  be  necessary  if  photographer  tolerance  to  exhaust  gases  is  low 
or  for  (cold)  seasonal  conditions  where  precious  cabin  heat  must  be 
conserved.  In  all  cases  a  removeable  plexiglas  window  (easy  in  - 
easy  out)  should  be  available  for  insertion  into  the  belly-hole  when 
the  aircraft  is  in  transit  to  and  from  the  site  and  durinq  all  take¬ 
offs  and  landings.  The  overhead  wing  permits  wider  view  span  of 
the  ground  for  the  photographer  to  relate  the  fliqht  mao  to  object 
space,  a  severe  operational  deficiency  in  the  use  of  bottom-mounted 
wing  aircraft.  Along  the  same  line,  the  qreater  the  window  space 
available,  the  easier  the  visual  orientation  process.  It  is  sig¬ 
nificant  to  note  that  the  belly-holes  in  different  aircraft  may 
differ  dimensionally,  such  as  in  the  two  aircraft  available  for 
our  project  (a  Cessna  180  and  a  backup  Cessna  310).  The  important 
consideration,  further  discussed  in  the  section  on  the  camera  mount, 
is  for  the  belly-hole  diameter-to-depth  ratio  is  to  be  at  least  3, 
preferably  greater  than  4,  so  as  to  accommodate  qreater  camera  tilt 
angles  necessary  for  efficient  two-camera  oblique  coverage  without 
the  lenses  protruding  below  the  plane  of  the  aircraft  skin,  illustrated 
in  figure  4-1 . 
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Photographic  system 

The  photographic  system  components  are:  camera  body,  film 
magazine,  lens,  filter,  and  intervalometer.  The  two  formats  used 
in  the  project  were  9"  x  9"  (contract  flight)  and  70mm  (available 
in-house).  Although  a  viable  alternative  for  narrower  rivers, 
the  35mm  format  was  not  practical  for  this  study.  The  system,  as 
used,  consisted  of  twin  Hasselblad  500  EL/M  (motor  driven)  70mm 
cameras  using  Distaqon  40mm  wide  anqle  lenses,  Hasselblad  70mm  x  15' 
cassette  (70  exposure  maximum)  film  magazines,  haze  (or  skylioht) 
and  412  yellow  filters  (dependinq  on  film  type  used)  and  a  four-chan¬ 
nel  intervalometer  calibrated  in  whole  second  intervals  from  one  to 
ninety-nine  seconds.  Under  operational  conditions,  the  intervalo¬ 
meter  must  have  a  ranqe  extendina  to  at  least  thirty  seconds,  have  a  frame 
counter,  and  service  at  least  two  cameras.  The  filters  serve  a  lens-orotecth 
function  as  well  as  reducing  the  ultra-violet  radiation  reaching 
the  film.  A  bank  of  six  to  eight  70  exnosure  magainzes,  available 
in-house,  was  adequate  in  terms  of  the  logistics  of  magazine 
loading/unloading  in-flight  or  during  refuel inq  stons.  Wide  angle 
lenses,  although  sacrificing  image  resolution  in  terms  of  the  reso¬ 
lution  cell  size,  permit  more  efficient  areal  coverage  at  a  qiven 
flight  altitude.  The  70mm  system  is  shown  with  one  of  the  Hasselblad 
cameras  exploded  into  its  component  parts  in  photo  4-2.  Having  a 
third  (backup)  camera  and  lens  is  advantageous  should  malfunctions 
or  breakdowns  occur,  as  happened  twice  during  the  early  summer 
flights. 

Camera  mount 

The  camera  mount  must  be  designed  to  "fit"  the  aircraft  or 
aircrafts  to  be  used.  The  variable  tilt  desiqn  used  for  the  Cessna 
180  and  backuD  Cessna  310  is  shown  in  figure  4-2.  The  mount  is  shown 
with  cameras  in-place  in  the  laboratory  in  photos  4-3,  4.4  and  4-5,  and 
in-use  in  the  Cessna  180  in  photo  4-6.  Referring  back  to  figure  4-1 , 
it  is  evident  that  tne  degree  of  camera  tilt  attainable  (unobscured 
by  the  belly-hole  flanqe)  decreases  as  the  belly-hole  diameter-to- 
depth  ratio  decreases.  However,  the  belly-hole  can  and  most  likely 
will  vary  from  aircraft  to  aircraft,  so  the  mount  must  essentially 
be  custom-designed.  The  conceptual  desiqn  of  the  mount  is  adaptable 
to  any  configuration.  Its  major  features  are  as  follows:. 

Variable  tilt:  the  camera  mount  may  oe  "fine  tuned"  to 
the  maximum  attainable  tilt  in-place  in  the  aircraft(s)  of  choice 
after  construction.  Three  tilt  settinqs,  at  two-deqree  intervals, 
on  either  side  of  the  estimated  maximum  tilt,  based  on  belly-hole 
dimensions  and  the  camera  system  used,  should  easily  accommodate  the 
maximum  tilt  when  "tuned"  in-place.  For  example,  using  masonite/wood 
belly-hole  models  (diameters  of  16  and  14  inches,  deoths  of  5  and 
4.25  inches,  and  consequent  ratios  of  3.2  and  3.3,  for  the  Cessna 
180  and  310,  resoectively) ,  20°  was  the  estimated  maximum  deqree  of 
tilt  from  the  vertical.  The  mount  was  designed  with  tilt  settinqs 
of  15,  17,  19,  21,  23  and  25  degrees,  with  placement  on  the  mount 
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plates  such  that  the  lenses  would  not  protrude  below  the  Plane  of 
the  arcraft  outer  skin.  The  maximum  tilt  attainable  with  the  mount 
after  placement  in  the  Cessna  180,  was  19°,  indication  the  utility 
of  the  variable  tilt  design. 

Vertical  orientation:  two  vertical  position  olacements  allow 
use  of  a  two  camera  (and  with  minor  modifications,  a  four  camera) 
bank  for  multiple  channel  photography. 

Crab  correction  capability:  dIus  or  minus  20  degrees  of  cor¬ 
rection  for  carb  permits  more  efficient  areal  coverage  in  a  cross- 
wind. 


Detachable  camera  brackets:  individual  brackets  (designed  for 
the  Hasselblad  70mm  system  only)  allow  chanqe  in  tilt  and  fitting- 
for  multiple  aircraft. 

Drawing/drafting  system 

A  backlighted  drawing  surface  is  necessary  for  flight  man 
compilation  and  flight  planninq.  Other  specialized  drafting  equip¬ 
ment  is  not  necessary,  only  straight  edges,  triangles,  and  measuring 
devices  (rulers). 

Film  storage 

Refriaerated  (frozen)  storage  is  required  for  unexoosed  film 
to  extend  its  shelf  life.  The  freezer  compartment  of  a  conventional 
refrigerator  should  be  adequate.  Processed  film  should  be  maintained 
in  an  easy  access-retrieval  filinq  system  arrangement.  Recommended 
for  70mm  film  is  the  upriqht  computer  card  filinq  cabinet. 

Film  viewing 

A  light  table  (portable  or  fixed)  with  spool  holders,  winding 
arms  and  rollers  is  necessary  for  screening  of  the  processed  film. 

The  capacity  to  view  two  rolls  of  70mm  film  simultaneously  is  recom¬ 
mended.  The  film  viewing  system  as  described  in  the  section  on  inter¬ 
pretative  processing  may  be  used  if  the  digitizer  is  not  otherwise  in  use. 

Dark  Bag 

The  dark  bag  (shown  In  use  in  photo  4-7)  is  a  double  shell  baq 
(opaque  to  light)  used  for  loading  and  unloading  the  photographic 
film,  both  on  the  ground  and  in-fiight,  in  totai  darkness.  The 
bag  is  sized  and  shaped  somewhat  like  a  neckless  T-shirt,  with  two 
elasticized  arm  holes,  or  sleeves,  and  a  double-zipnered  opening  at 
the  bottom.  The  inner  and  outer  shells  are  independent  of  each  other, 
connected  only  at  the  sleeve  openinqs,  and  the  zippers  close  in 
opposite  directions.  Tears  in  the  shells  must  be  repaired  by  sewing 
or  taping.  It  is  recommended  that  a  bacxuo  bag  be  available" in 
storage  if  needed. 
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Supply  requirements 

Categorically,  supplies  are  both  major  and  trivial  cost  items. 

The  photographic  film  can  represent  the  sinqle  greatest  cost  item  in 
the  area  of  supplies  if  the  project  is  at  all  larqe  in  scope  or 
long  term.  Other  necessary  items  are  base  mans  for  compiling  flight 
maps,  an  aerial  exposure  computer,  film  packaging  and  shipping 
materials,  USCGS  sectional  charts  and  miscellaneous  drawing, 
drafting  and  filing  supplies. 

Photographic  film 

As  mentioned,  film  can  become  a  big-dollar  item.  In  addition 
it  requires  foresighted  logistical  planning.  Kodak  is  essentially 
the  only  manufacturer  of  aerial  films,  and  aerial  film  differs  from 
conventional  over-the-counter  film  in  its  color  balance.  When  pur¬ 
chased  in  bulk  form  ( i . e . ,  large  rolls)  it  is  frequently  available 
from  regional  vendors.  However,  this  requires  the  additional  purchase 
of  many  empty  film  cassettes  and  a  bulk  film  loader,  and  is  opera¬ 
tionally  practical  only  when  larqer  capacity  film  maqazines  than 
the  70  exposure  ones  recommended  must  be  used.  70mm  x  15'  (roll 
length)  pre-packaged  film  cassettes  were  special  ordered  from  Kodak's 
Rochester,  New  York,  facility  through  their  (Chicaqo)  Professional 
Products  Customer  Service,  which,  in  turn,  was  placed  directly  by 
our  local  vendor  (a  Kodak  requirement) .  Minimum  time  reouired  to 
fill  a  special  order  of  this  nature  with  Kodak  is  normally  forty-five 
days,  and  the  order  must  be  of  a  minimum  Quantity  of  approximately 
one  gross  line  items.  We  found  that  the  special  order's  "oer  roll" 
cost  was  competitive  with  locally  available  bulk  roll  film 


Table  4-1  relates  in  matrix  form  the  relative  advantages  of  the 
various  aerial  films  available  from  Kodak  (1978).  Our  use  was 
limited  to  the  use  of  Type  2443  Color  Infrared  (70mm)  and  Type 
2448  Normal  Color  (70mm).  Both  were  used  as  pre-packaged  70mm  x  15' 
cassettes  and  require  special  orderinq.  As  many  empty  cassettes  as  there 
will  be  maqazines  used  (six  to  eight)  must  also  be  purchased  for  film  take-uo. 

Aerial  exposure  computer 

A  cardboard  aerial  photographic  exposure  computer,  known  as 
the  "R-10  Aerial  Exposure  Computer;"  is  available  from  Kodak 
(catalog  no.  156  627?)  through  most  vendors,  and  is  Quite  inexpensive 
relative  to  its  value  in  computing  proper  exposures  given  solar 
altitude,  aircraft  a.titude,  aerial  film  speed,  and  haze  condition. 

Some  infrared  imagery  was  underexposed  early  in  the  summer,  for  need 
of  such  a  computer,  representing  the  sum  of  flight,  fiim,  processing 
and  personnel  time  costs  lost  to  the  utility  of  the  project. 
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Base  maps  for  flight  planning 

A  uniform  base  map  system  is  reauired  from  which  to  compile 
flight  maps.  The  functional  aspects  are  discussed  in  the  section 
on  flight  maos.  The  Corps  of  Engineers  navigation  charts  (scale: 

1"  =  1/2  mile)  for  the  Upper  Mississippi  River  were  the  logical 
choice  for  flight  base  maps  for  this  project.  Depending  upon  the 
project,  USGS  topographic  or  planimetric  maps,  county  highway  maos, 
or  other  similarly  scaled  and  detailed  maos  may  be  in  order. 

Film  packaging  and  shipping  materials 

Required  are  sturdy  corrugated  cardboard  boxes,  ranging  in 
size  from  approximately  one-fourth  to  one  cubic  foot,  depending  on 
the  size  of  the  film  shipment  to  the  processor,  lightweight  foam 
and/or  plastic,  bubble  packing  material  in  small  quantities,  strap¬ 
ping  tape,  and  certain  labels  that  should  be  available  from  the 
custom  processor,  such  as  Precision  Photo  Laboratories,  Dayton, 

Ohio,  the  lab  used  for  our  processing  needs.  The  labels  are  pictured 
in  figures  4-3,  4-4,  and  4-5.  If  not  available  from  the  processor, 
similar  labels  should  be  locally  made,  since  all  the  labels  serve 
important  functions.  Once  processing  begins,  the  returned  shipping 
boxes,  provided  they  were  sturdy  to  beqin  with,  can  and  should  be 
recycled  through  several  shipments. 

Coastal  and  Geodetic  Survey  Sectional  Charts 

The  pilot  will  need  sectional  charts  of  course  in  his 
flight  planning  and  he  should  be  responsible  for  their  availa¬ 
bility. 

Miscellaneous  drawing/drafting/filing  supplies 

An  array  of  typical  supplies,  usually  readily  available  and 
suited  to  the  tastes  of  the  people  or  departments  involved,  are  too 
numerous  to  mention  in  detail  except  for  one  particular  item,  1/4" 
or  5/16"  signal  dots,  used  to  mark  flight  lanes  and  individual 
frames  on  the  processed  imagery  without  damaging  it. 

Services  requirements 

Services  include  those  activities  which  are  necessarily  outside 
the  in-house  expertise  or  that  may  be  beyond  the  available  in-house 
resources.  They  include  photo-mechanical  and  engineering  services, 
weather  forecasting  and  flight  services  information,  film  processing, 
and  (if  project  objectives  so  require),  contractual  acquisition 
of  high-cost  large  format  aerial  photography. 

Photomechanical  and  engineering  services 

Mosaicing  and  photoreduction  of  the  Corns  of  Engineers'  river 
navigation  charts  for  flight  base  map  production  reauired  this 
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specialized  service,  and  periodic  blue  (or  black)  line  prints  of 
these  base  maps  from  time  to  time  was  also  required.  Much  in  the  area 
of  drawing  and  draftinq  supplies  should  also  be  available. 

Weather  forecasting  and  flight  services  information 

The  local  U.S.  Deoartment  of  Commerce  NOAA  weather  service 
office  provides  valuable  long  range  and  short  term  weather  prognosti¬ 
cations  on  demand  (normally  the  forecasters  can  be  reached  after 
the  "recording"  is  completed).  A  significant  drawback  is  the  time 
of  day  availability  of  the  NOAA  offices,  usually  only  about  nine 
hours  during  the  business  day.  Of  somewhat  greater  utility,  but 
technically  limited  to  access  bv  oilots,  is  the  local/reqional  flight  serv 
office,  'available  around  the  clock  with  up-to-date  weather  and 
related  flight  briefings.  Access  to  such  a  service  is  imperative 
for  planning  purposes  and  the  last-minute  decisions  that  oftentimes 
must  be  made,  esoecially  with  the  large  regional  coveraqe  typified 
by  this  project.  The  pilot  and  photographer  together  agree  on  the 
details  of  each  flight  or  series  of  fliqhts  based  on  this  information. 

Film  processing 

Because  of  the  nature  of  the  investment  of  ime  and  monev  into 
an  aerial  photographic  capability  of  the  sort  herein  described, 
film  processing  is  best  left  to  the  custom  laboratory,  such  as 
Precision  Photo  Laboratories,  Dayton,  Ohio,  the  service  used  for  this 
project.  The  custom  lab  should  provide  reliable,  high  quality 
demand  service  tailored  to  the  processing  request.  It  should 
also  be  able  to  furnish  shipment  labels  such  as  those  depicted  in 
figures  4-3,  4-4,  and  4-5.  A  blanket  purchase  order,  as  used  for  this 
project,  with  the  processing  service  is  hi qhl y  recommended. 

Contractual  acquisition  of  aerial  photograDhv 

As  was  required  in  this  project,  contract  flights  to  obtain 
9"  x  9"  imagery  require  a  specialized  service.  The  capital  invest¬ 
ment  required  to  conduct  this  large  format  aerial  photoqraohy  is 
prohibitively  high  for  all  not  commercially  or  statutonan y 
involved  in  providing  this  service.  The  Manual  of  Photoqrammetry 
of  the  American  Society  of  Photogrammetry  provides  an  ideal 
reference  source  for  writing  bid  specifications  for  such  services. 

The  Request  for  Quotation  and  Bid  Specifications  for  this  project's 
9"  x  9"  contract  flight  are  found  in  Appendix  A.  Appropriate  bid 
response  times  must  be  allowed  for  in  scheduling  of  such  flights. 

As  can  be  noted  in  the  accompanying  bid  specifications  the  "time  or 
photography"  spec  did  not  allow  for  a  sufficiently  lonq  total  lead 
time  (i.e.,  from  drafting  to  awardina  of  contract)  to  allow  for 
photography  on  the  weekend  following  July  4th,  the  oriqinal  target 
date.  The  draftinq  process  began  in  mid-May,  but  for  a  number  of 
reasons  related  to  fiscal  control,  the  invitations  to  bid  were  not 
ready  for  distribution  until  early  July,  thus  illustratinq  the 
logistical  leadtime  required  in  this  area. 
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Physical  space  requirements 

Spatial  requirements  are  not  great  in  terms  of  floor  space. 

Most  important  are  the  concepts  of  security  and  co-location  of 
processed  film  storage  with  the  screening  and  interpretive  equipment 
{see  REQUIREMENTS  FOR  AERIAL  PHOTOGRAPHIC  INTERPRETATIVE  PROCESSING), 
is  important  because  of  the  high  dollar  investment  and  irreplace- 
ability  of  the  imagery  at  this  point.  Limited  access  to  the  imagery 
itself,  as  well  as  the  area  in  which  it  is  stored,  is  important. 
Co-location  with  the  interpretative  equioment  both  expedites  security 
(of  film  and  equipment)  and  promotes  efficiency  in  the  screening 
and  interpretative  processes.  Security  is  also  needed  for  unex¬ 
posed  film  storage,  the  photographic  equipment,  and  camera  meunt, 
though  it  need  not  be'  co-located  with  film  storage  nr  interpretative 
equipment.  The  darkroom  is  simply  a  small  area  (e.q.,  a  closet) 
needed  for  film  loading  prior  to  a  mission  if  bulk  film  loading  is 
required.  Otherwise  it  is  not  a  requirement,  since  the  dark  bag 
is  used  for  loading  and  unloading  film  cassettes  in  the  magazines. 
Since  upright  cabinets  are  perfectly  adequate  for  most  all  film 
storage  needs,  only  minimal  floor  space  is  required.  A  backlighted 
drawing  table  and  film  viewing  apparatus  also  requires  a  minimal 
amount  of  floor  space.  If  all  operations  and  storage  (including 
interpretative  requirements,  500  to  600  ft^  of  floor  soace  should 
be  adequate,  provided  it  is  a  secureable,  minimum  traffic  area). 

ACQUISITION  OF  AERIAL  PHOTOGRAPHY 

Acquisition  covers  the  planning  and  flyinq  of  the  aerial 
photographic  mission  and  processing  of  the  film.  The  first  two 
tasks  are  further  defined: 

Planning:  photographic  scale,  flight  maps,  and 
timing  of  mission 

Flying:  preparation  and  execution 

Photographic  scale 

Knowledge  of  the  mathematics  of  photographic  scale  is  impera¬ 
tive  in  aerial  photographic  flight  planning.  The  approximate 
scale  of  a  vertical  photograph  is  relatively  simple  to  conceptualize 
and  compute,  given  the  camera  lens  focal  length  and  fiyinq  heiqht 
over  essentially  flat  terrain.  The  scale  of  a  tilted  photograph, 
even  over  flat  terrain,  varies  with  the  distance  normal  (perpendi¬ 
cular)  to  the  axis  of  tilt,  and  is  conceptually  more  difficult  to 
grasp.  Format  is  addressed  first  to  set  the  framework  for  the 
discussion  of  tilted  photo  scale  which  follows,  and  which  forms  the 
bt.sis  for  planning  of  the  low  oblique  aerial  photography  used  in 
this  project. 


Security 
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Format 


To  discuss  the  interrelationship  of  Dhotographic  scale  and 
format,  two  areas  are  of  interest:  field  of  view  and  resolvability. 


Field  of  view  is  characterized  by  the  angle  subtended  or 
"seen"  by  the  camera  lens.  It  is  dependent  only  on  the  lens  focal 
length  and  film  format  (see  figure  4-6),  and  is  indenendent  of 
camera  orientation.  As  the  flying  height  increases  (assuming 
a  fixed  camera  orientation)  the  area  in  object  SDace  (i.e.,  the 
earth's  surface)  seen  within  that  field  of  view  becomes  proDortion 
ately  greater,  thus  decreasing  the  photoqraohic  scale.  The  com¬ 
putational  formula  for  photographic  scale  is  based  on  the  qeometry 
of  similar  triangles.  For  the  vertical  photograph  it  is: 


or 


f 

H' 
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where  Savg  is  the  averaqe  ohotoqraphic  scale  in  terms  of  ohoto 
distance  per  unit  of  object  space  (horizontal  qround)  distance, 
f  is  the  lens  focal  length,  H  is  the  flying  height  above  datum 
(normally  mean  sea  level)  approximated  by  the  aircraft  altimeter, 
havg  is  the  average  elevation  of  the  terrain,  and  H'aVq  is  merely 
the  flying  height  above  datum  less  the  average  terrain  elevation, 
or  in  other  words,  the  flying  heiqht  above  mean  terrain  (AMT). 

The  photographic  scale  itself  is  independent  of  the  format,  but  the 
format  and  field  of  view,  because  of  their  relationshio  to  the 
areal  coverage  on  the  ground,  at  a  given  scale  play  a  significant 
role  in  determining  the  significance  of  a  third  concept,  that  or 
image  resolvability. 


Image  resolvability  is  technically  exnressed  in  terms  of  the 
number  of  line  pairs  (of  contrasting  black  and  white  bands)  per 
unit  (photo)  length  just  barely  resolvable,  or  detectable.  Opera¬ 
tionally  it  expresses  the  minimum  size  an  object  must  be  to  be 
capable  of  being  resolved,  or  detected,  on  the  imagery.  The  lens, 
film  and  filter  in  combination  determine  the  image  resolvability. 

The  film,  given  high  auality  equipment,  would  be  expected  to  be 
the  weakest  link,  but  the  gradual  accumulation  of  a  thin  film  of  enoine 
oil  and  atmospheric  dust  on  the  lens  filter,  or  belly-hole  window,  as 
appropriate,  probably  compromises  image  resolvability  a  bit  further 
than  that  claimed  by  Kodak  for  the  film  under  low  contrast  image 
conditions.  This  compromise  was  consistently  experienced  in  our 
flights  and  can  be  expected  to  occur  elsewhere.  If  resolvability 
at  a  certain  level  is  required  for  a  given  format  and  field  of  view, 
the  minimum  photoqraohic  scale  is  determinable,  which  in  turn 
determines  the  flying  height  and  areal  coveraqe.  Although  outside 
our  capability  to  test  for  under  operational  conditions  (i.e., 
with  an  engine  oil/atmosoheric  dust  film  on  the  filter),  the 
best  image  resolvability  can  be  guesstimated  at  or  about  30  line 
pairs  per  mm  (that  of  the  Type  2448  and  2443  films  under  low  contrast  con¬ 
ditions  is  approximately  40  line  pairs  per  nm).  Assuming  the  fiqure  of  30 
line  pairs  per  mm  to  be  representative,  Table  4-2  indicates  the 
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resolution  cell  size  at  various  photographic  scales.  Since  the 
table's  scale  is  expressed  in  feet  of  object  space  per  inch  of 
photo  space  (fpi),  the  convention  of  decreasing  "fpi  units"  scale 
magnitude  increases  themagnitude  of  photographic  scale  as  it  is 
technically  expressed  in  terms  of  units  of  photo  measurement  per 
unit  of  object  space  measurement.  The  "fpi  units"  are  a  somewhat 
more  conveniert  and  relateable  means  of  expressing  photographic 
scale.  The  resolution  cell  sizes  expressed  in  Table  4-2  are 
irrespective  of  the  vertical  or  oblique  orientation  of  the  camera(s) 
per  se. 

Tilt 

Tilted  photographs  introduce  a  certain  complexity  to  the  con¬ 
ceptualization  and  computation  of  photoqranhic  scale.  Verv  small 
(usually  unplanned)  degrees  of  tilt  are  often  iqnored,  but  in  low 
oblique  aerial  photography  where  the  magnitude  of  tilt  is  deliberate 
and  sizeable,  19°  in'our  case,  the  tilt  cannot  be  ignored  in  the 
planning  process.  Imagining  a  tilted  photograph  in  soace,  the 
basic  geometry  is  depicted  in  fiqure  4-7.  Looking  at  the  same  sort 
of  tilted  photo  (but  with  a  swing  anale  s  of  exactlv  IPO0)  on  edne 
and  the  image  of  a  sauare  ground  grid  on  that  photo  in  fiqure  d-° 
one  can  easily  visualize  the  chanqe  in  scale  with  perpendicular  distance  from 
the  axis  of  tilt.  This  is  the  type  of  tilted  Dhotooranh  character¬ 
istic  of  our  low  oblique  photography  (in  conceot).  The  auxiliary 
x ' v '  image  coordinate  system  for  a  tilted  photo  is  pictured  in  figure 
4-9,  Our  low  oblique  photography  is  approximated  by  a  0  anale 
(the  angle  defined  by  the  y  and  y'  axes)  equal  to  zero  decrees.' 

Using  geometry  of  similar  trianqles  in  a  way  only  slightly  more 
involved  than  for  vertical  photographs,  as  shown  graphically  in 
figure  4-10,  the  resultant  equation  for  computing  photographic  scale 
on  a  tilted  photograph  for  any  point,  say  point  A,  whose  elevation 
is  hA  above  datum,  is: 

=  cost  •  ya'S1'n  1  •  Ik*  kef  (2) 

H-hA  LK  KA1 

where  H  is  flying  height  above  datum,  f  is  camera  focal  length, 
t  is  the  tilt  angle,  and  ya'  is  the  coordinate  of  the  point  of 
interest  in  the  auxiliary  image  coordinate  system,  defined  as 
follows  (re:  figure  4-10). 

X’a  *  Xa  cos  9  -  ya  sin  9 

Y ‘ a  a  Xa  sin  9  +  ya  cos  9  +  f  tan  t  (3) 

Equation  (2)  is  important  in  computing  the  fliqhtline  pass 
coverage  width  w,  discussed  in  the  layout  of  flight  maos.  Figure 
4-11  illustrates  graphically  for  various  flying  heights  H’  (AMT), 
the  relationship  between  photographic  scale  and  the  y  distance  from 
the  photo  principal  point  (noting  that  y  and  y*  distances  are  one 
and  the  same  for  oblique  photography  of  the  nature  planned  for  this 
project).  For  greater  detail  in  the  discussion  of  tilted  ohotooraDhs, 
refer  to  the  Manual  of  Photogrammetry  of  the  American  Society  of  Photo- 
gramme  try  and  Elements  of  Photogrammetry  by  Paul  Wolf. 
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Flight  maps 

Flight  map  compilation  for  low  oblique  aerial  photography 
represents  the  application  of  the  computational  equations  for 
photographic  scale  on  tilted  photographs,  the  practical  aspect 
of  image  resolvability,  and  flight  line  design. to  attain  adequate 
areal  coverage  while  minimizing  the  number  of  passes  required  to 
attain  that  coverage.  The  base  map  selection,  use,  layout  and 
updating/revision  of  the  flight  maps  are  discussed. 

Selection  of  base  maps 

The  tipper  Mississippi  River  navigation  charts  (scale: 

1"  3  1/2  mile)  were  used  to  form  the  basis  for  the -flight  maps. 

They  were  chosen  because  of  what  was  felt  to  be  adequate  plani- 
metric  detail  at  a  scale  and  in  a  form  to  minimize  the  degree  of 
mosa icing  required  to  piece  the  photoreduced  negatives  together 
in  terms  of  individual  pools.  The  photoreduction  was  by  a  factor 
of  two,  yielding  flight  maps  of  each  pool  at  a  scale  of  1"  3  1  mile, 
large  enough  to  maintain  the  utility  of  the  nlanimetric 
detail  for  which  the  charts  were  chosen, 'yet  small  enouoh  for  both 
pilot  and  photographer  (each  with  individual  copies)  to  use 
successfully  in  very  limited  cabin  space.  The  use  of  USGS  or 
county  highway  maps  would  suffer  from  the  necessity  to  Diece 
together  small  oieces  from  corners  of  mans  not  otherwise  useful 
and  in  the  case  of  the  USGS  quads,  from  the  nature  of  the  con¬ 
formal  projection.  The  Cartesian  nrojection  of  the  river  navi¬ 
gation  charts  was  ideal  for  the  relatively  non-exacting  purposes 
in  flight  map  planning.  An  early  attempt  to  use  the  navigation 
chart  based  flight  map  photoreduced  to  a  scale  of  aonroximately 
1"  3  6  miles  (fitting  on  an  8  1/2"  x  11"  size  print)  was  futile. 

It  was  found  that  in  addition  to  the  advantages  already  outlined, 
the  1"  3  1  mile  scale  visually  approximated  the  geographic  scale 
of  the  river  while  flying  operationally  at  altitudes  of  2500  to 
5000  feet  AMT,  making  both  pilot's  and  photographer's  sighting 
and  orientation  tasks  much  easier.  The  1"  =  1  mile  scale  is 
thereby  recommended  for  fliqht  map  scale  and  the  base  mao  should 
not  sacrifice  detail  or  legibility  when  reduced  (or  enlarqed) 
to  very  nearly  that  scale. 

Use  of  fl ight  maps 

The  annotated  flight  map  serves  two  purposes:  a  means  by 
which  the  pilot  knows  the  sequence,  direction,  altitude  and 
endpoints  of  each  flight  line  for  the  Purpose  of  visually  sighting 
his  flight  vector.  The  photographer  uses  the  map  for  essentially 
the  same  purposes  as  the  pilot  plus  the  on-off  operation  of  the 
photographic  system,  annotation  of  the  photographic  flight  log, 
and  a  means  by  which  the  photographer  can  estimate  how  much  faster 
or  slower  than  planned  is  the  qround  soeed  of  the  aircraft.  It 
literally  becomes  both  "road  map"  and  "operational  checklist" 
for  the  aerial  photoqrannic  mission.  nurinq  both  the  film  viev.-inq 
operation  (see  MANAGEMENT  OF  PROCESSED  AERIAL  PHOTOGRAPHY)  and 


the  imagery  interpretative  function  (see  REQUIREMENTS  FOR  AERIAL 
PHOTOGRAPHIC  INTERPRETATIVE  PROCESSING) ,  the  flight  maos,  along  with  the 
flight  logs,  serve  a  useful  and  necessary  snatial  reference 
function. 

Layout  of  flight  maps 

The  master  flight  map  base  for  each  pool  should  be  on  mylar 
(the  positive  print  from  the  Dhotoreduced  negative  mosaic)  from 
which  blue  or  black  line  prints  are  made  for  layout  of  fliqht 
lines  and  associated  information.  The  flight  line  "temDlates" 
are  laid  out,  preferably  on  a  sheet  of  mylar  which  underlays 
the  flight  map  to  be  produced  on  a  light  table. 

The  template  is  produced  by  scaling  the  desired  air  base 
and  pass  coverage  width  to  the  altitude  at  which  the  photography 
will  be  flown.  The  air  base  depends  on  -the  degree  of  endlao  desired 
along  the  flight  line,  photographic  scale  and  format,  whereas  the 
pass  coverage  width  is  dependent  on  field  of  view,  flight  alti¬ 
tude  and  the  degree  of  tilt.  Computational  equations  are  as 
follows: 

for  the  air  base  B  (see  also  figure  4-12), 

8  »  dSn  (1-E)  (4) 

where  B  is  the  air  base  in  feet,  $n  is  the  ohotoqraphic  scale 
(expressed  here  in  terms  of  f pi ,  the  inverse  of  scale  as  computed 
from  equation  (2)  at  the  supposed  photographic  nadir  point,  d 
is  the  format  frame  dimension  in  the  direction  of  flight  (2.18 
inches  for  the  70mm  format),  and  E  is  the  oercent  endlap  desired 
expressed  as  a  decimal  fraction,  e.g.,  (1-E)  =  0.8  for  20  percent 
endlap. 

for  the  pass  coverage  width  W  (see  also  figures  4-12  and  4-13). 

W  =  2H 1  (tan  [|  +  t])  (5) 

where  W  is  the  pass  coverage  width  expressed  in  feet,  H'  is  the 
planned  flight  altitude  above  mean  terrain,  9/2  is  one  half  the 
angular  field  of  view  of  the  photographic  system  and  t  is  the 
angle  of  tilt,  both  angles  expressed  in  degrees. 

Once  the  air  base  B  and  pass  coverage  width  are  computed, 
they  are  scaled  to  the  flight  map's  scale  (1"  =  1  mile)  and 
the  template  is  drawn.  Figures  4-14  and  4-15  represent  the  final 
form  of  two  templates,  one  for  H ' =2500 '  AMT,  the  other  3500'  AMT.  The 
template  is  then  used  to  lay  out  in  pencil  the  fliaht  lines  "doci  leg" 
fashion  by  trial  and  error  until  a  satisfactory  fit  is  obtained  that 
meets  the  following  criteria: 

the  film  magazine  changes  occur  between  flight  lines,  not 

in  the  middle  of  one 
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the  beginning  and  end  of  each  flight  line  be  somewhat 
redundantly  covered  by  the  end  of  the  previous  one  and 
the  beginning  of  the  upcoming  one 

there  be  at  least  ten  percent  si  delap  planned  across 
parallel  flight  lines 

there  be  at  least  ten  percent  sidewise  coverage  beyond 
the  boundary  of  the  resource  to  be  imaqed 

After  the  fit  is  obtained,  the  fliqht  lines  are  firmed  in 
with  pen,  and  the  exposure  track  emDhasized  with  a  wide-tin 
highlighting  marker  for  visual  ease  of  use..  The  water  surface  should  he 
colored  in  for  clarity.  The  oertinent  operational  factors,  fliqht 
line  direction  and  sequence,  fliqht  altitude  and  bearings  can  also 
be  annotated  on  the  flight  maps  for  encoding  ourDOses  in  the 
imagery  interpretative  process,  but  are  not  necessarily  of  use  to 
the  Dilot,  since  his  primary  means  of  setting  the  fliqht  vector  is 
by  1 ine-of-sightinq  down  the  nose  of  the  aircraft  using  nlanimetric 
landmarks,  such  as  tips  of  islands,  bridges,  road  intersections, 
locking  gates,  etc.  It  is  significant  that  the  photographer  pro¬ 
ducing  the  flight  maps  keen  this  in  mind  when  fitting  the  fliqht 
lines.  It  makes  both  the  pilot's  and  the  photographer's  ,iobs  in 
fliqht  much  easier.  Figures  4-16  and  4-17  show  the  finished  opera¬ 
tional  flight  maps  for  flight  altitudes  of  2500  feet  and  3500  feet 
AMT,  respectively,  for  pool  16.  It  should  be  noted  that  all  the 
flights  at  2500'  AMT  ! .ad  small  gaps  in  sidelao  because  of  an  error  in 
width  W  in  making  the  flight  line  template,  not  discussed  until  early 
fall.  The  flight  map  shown  was  one  made  using  the  incorrect  template, 
Illustrating  how  a  small  error  in  template  desiqn  can  have  a  critical  , 
e'cect  or\  areal  coverage. 

Updating  and  revision  of  base  maos 

Whenever  a  revision  or  new  version  of  a  flight  mao  is  required, 
a  new  one  should  be  produced  rather  than  remarking  over  an  existinq 
one.  It  is  recommended  that  the  fliaht  dates  used  be  annotated  on 
the  file  or  record  copy  of  each  flight  map  for  ease  of  reference  in 
the  imagery  interpretative  process. 

Timing  of  the  aerial  Photographic  mission 

Timing  is  of  logistical,  operational,  and  tactical  imoor- 
tance.  The  time  of  year,  week,  and  day,  as  well  as  time  available, 
personnel  limitations,  and  flexibility  are  discussed. 

Time  of  year 

The  time  of  year  in  which  f  ohotoqraphy  is  flown  has 
both  tactical  and  operational  significance.  River  use  is  essen¬ 
tially  seasonal  and  to  some  degree,  related  to  the  time  of  year 
expected  to  vary  with  the  gross  seasonal  changes  in  river  stage. 

Winter  use  of  the  river  in  such  activities  as  snowmobilinq  and 
ice  fishing,  will  be  difficult  at  best  to  detect,  due  to  imaqe 
resolvability  at  operational  altitudes.  Althouqh  our  camera 
mount  was  not  yet  constructed,  a  fliqht  was  made  on  March  25th 
with  a  borrowed  (vertical)  mount,  as  much  for  training  and 
familiarization  of  both  pilot  and  ohotooraDher  as  for  tactical 
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reasons.  Cloud  cover,  slight  degrees  of  overexposure  (the  snow 
on  the  ground  was  highly  reflective),  and  the  inability  to  use 
two  cameras  obliquely  (to  obtain  ground  control)  rendered  the 
imagery,  as  a  whole,  unuseable  for  interpretative  purposes.  With 
the  spring  flood  waters  comes  high  river  stage.  Since  the  Corps 
of  Engineers  reportedly  rigidly  regulate  watercraft  use  of  the 
river  during  this  period,  coordination  with  the  Regulation  Division 
is  in  order  for  flights  at  this  time.  The  first  flight  made 
with  the  two-camera  oblique  mount  was  during  the  Memorial  Day 
weekend,  after  the  cresting  and  well  into  the  recession  of  soring 
runoff  waters.  Underexposed  color  infrared  film  prevented  use 
of  that  flight's  imagery.  River  use  by  watercraft  is  to  be  exoected 
throughout  the  course  of  the  summer  and  into  early  fall,  larae  and 
deep-hulled  watercraft  possibly  constrained  from  shallow  areas 
during  late  summer,  early  fall  low  stage  conditions.  Early  fall 
sees  the  opening  of  duck  hunting  season,  the  hunting  blind  con¬ 
struction  beginning  in  late  summer.  Aside  from  the  nature  of 
the  seasonal  use  of  the  river,  the  extent  of  useable  daylight 
flying/photography  time  varies  throughout  the  year,  as  discussed 
in  the  section  on  time  of  day. 

Time  of  week 

Time  of  week  has  only  tactical  significance.  Weekend  use 
of  the  Upper  Mississippi  is  expected  to  be  heavier  than  weekday 
use,  at  least  in  regards  to  watercraft  use.  A  question  arises  as 
to  whether  Mondays  and  Fridays  (aside  from  the  "three-day"  holiday 
weekends)  are  more  representative  of  weekends  or  weekday  periods. 

Our  flights  were  not  planned  to  address  this  particular  circum¬ 
stance.  Mo  flights  (except  for  Memorial  Day)  were  made  on  Mondays 
or  Fridays.  Weekday  flights  were  made  only  on  Tuesday,  Wednesday, 
or  Thursday.  The  Fourth  of  July  fell  on  Wednesday  in  1979, 
allowing  a  convenient  examination  of  use  on  both  a  weekday  and 
holiday. 

Time  of  day 

Time  of  day  has  logistical,  operational  and  tactical  sig¬ 
nificance.  Its  tactical  significance  lies  in  characterizing 
river  use.  Both  logistical ly  and  operationally,  and  related  to 
the  tactical  question,  only  a  fixed  lenqth  of  time  is  available 
on  a  given  day  with  satisfactory  sun  angle  conditions.  Too  low 
an  angle  (early  morning  and  late  afternoon/eveninq)  creates  both 
a  reddish  cast  (due  to  atmospheric  refraction)  and  excessively 
long  shadows,  usually  a  hindrance  during  imagery  interpretation. 
With  the  areal  scope  of  the  project,  the  remoteness  of  our  base 
of  operations  from  the  lower  pool  sites  and  the  relatively  low 
altitude  requirement  for  our  70mm  aerial  photography,  it  was  not 
feasible  to  cover  a  single  pool  several  times  over  a  single  day. 
Instead  we  chose  to  vary,  in  as  much  as  possible,  the  time  of 
day  coverage  throughout  the  project  for  qiven  pools.  Large  format 
aerial  photography  can  accomplish  large  areal  coverage  in  a  mini¬ 
mum  amount  of  time,  but  is  relatively  more  expensive.  Given  a 
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smaller  areal  degree  of  coverage  requirement,  multiple  time-of-day 
coverage  with  the  smaller  70mm  format  is  quite  possible  and 
practical.  Table  4-3  indicates  the  photogranhic  time  span 
for  each  pool  flight  made. 


Personnel  constraints 

The  flight  time  available  over  the  course  of  a  day  for 
photography  should  allow  for  periodic  short  rest  periods  for 
both  pilot  and  photographer.  Aerial  fliqht  under  these  circum¬ 
stances  is  fatiguing  and  crew  safety  is  deoendent  upon  it. 
Refueling  stops  (at  aporoximately  3  to  3  1/2  hours  flying  time) 
allowed  sufficient  time  for  crew  rest  and  any  magazine  unloading/ 
reloading  and  camera/intervalometer  recharging  reauired. 

Flexibility 

The  aircraft/pilot/photograDher  availability  must  be 
somewhat  flexible.  Even  though  specific  target  dates  were  deter¬ 
mined  for  our  flights,  approximately  half  of  those  tarqet  dates 
were  modified  for  various  reasons,  including  adverse  weather 
conditions,  personnal  illness  (or  discomfort)  prior  to  fliqht, 
or  unforeseeable  aircraft  (licensing)  insoection  delays.  Backup 
dates  for  each  target  date  should  be  a  Dlanning  requirement. 

Preparation  for  the  aeri*al  photographic  mission 

In  order  to  achieve  a  successful  photographic  mission, 
certain  preparatory  elements  must  be  attended  to  the  day  before 
and/or  the  morning  of  the  flight.  These  elements  include  the 
photographic  system,  film  and  film  loadinq,  fliqht  maos  and 
flight  log,  the  aircraft,  weather  and  atmospheric  condition  com- 
patability,  and  personnel  comfort. 

Photographic  system 

The  cameras,  lenses,  filters,  intervalometer  and  leads, 
battery  chargers,  electrician's  tape  and  camera  mount  should  be 
made  available  and  checked  out  operationally  the  day  before  the 
flight.  The  camera  body  motor  drive  and  intervalometer  should 
also  be  charqed  as  necessary  (a  ore-flight  charge  was  routine  for 
this  project)  the  day  or  eveninq  before  the  flight.  The  lens 
focusing  ring  should  be  taped  or  in  some  positive  way  secured  at 
the  infinity  (»o)  position.  The  focusing  ring  on  the  Distagon 
40mm  lenses  used  will  "creep"  away  from  the  infinity  position, 
due  to  the  vibration  in-flight  unless  secured,  resulting  in 
out-of- focus  imagery.  Likewise,  the  filters  should  be  taped  to 
the  rim  of  the  lens  (in  addition  to  the  mounting  characteristic 
of  the  filter  and  lens)  to  preclude  losing  a  filter  in  flight. 
Taping  was  normally  done  during  system  assembly  in  flioht.  Both 
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the  lens  and  filter  surfaces  should  be  cleaned  with  commercially 
available  lens-cleaning  tissue  the  day  before  (and  sometimes)  durinq 
flight  to  remove  engine  oil  film  residue  and/or  dust  that  mav  have 
accumulated.  Ideally,  the  surfaces  should  be  cleaned  immediately 
after  completion  of  one  day's  mission  in  preparation  for  the  next 
scheduled  mission.  If  a  filter  is  used  (highly  recommended),  the 
lens  should  have  no  engine  oil  accumulation,  only  the  filter. 

There  is  no  set  standard  for  how  often  to  clean  a  filter  of  the 
engine  oil  film  durinn  the  course  of  the  mission,  hut  durinq  a  refuelinq 
stops  is  a  convenient  time  to  do  so.  Theoretically,  there  is  no 
need  to  taoe  the  lens/camera  body  interface,  at  least  with  the 
Hasselblad  system's  positive  locking  device..  Caution  must  be 
exercised,  however,  in  avoidinq  accidental  pushing  of  the  release 
button  while  the  belly-hole  is  open.  The  button  release  mechanism 
in  itself  does  not  disengage  the  lens,  but  it  permits  the  mount  to 
be  turned  and  thus  disengaged,  a  likely  outcome  of  the  aircraft 
vibration  during  flight.  As  a  precautionary  measure,  the  lens 
should  be  checked  by  hand  when  the  system  is  made  ready  and  after 
any  handling  of  the  lens  or  camera  body  during  flight  to  insure 
the  locking  mechanism  is  positively  engaged. 

Film  and  film  loading 

Based  on  the  number  of  pools  to  be  flown  and  the  altitude 
at  which  they  are  to  be  flown,  a  sufficient  number  of  rolls  of 
film  should  be  obtained  the  day  before  the  fliaht,  allowinq  for  at  least 
two  extra  rolls,  and  the  number  of  magazines  required  (or 
available,  as  the  case  may  be)  loaded  using  the  dark  baq  shown 
in  photo  4-7.  In  no  event  should  the  maqazines  be  loaded  or 
unloaded  outside  the  dark  baq  since  the  film  cassettes  have  been 
known  to  experience  light  leaks,  particularly  after  the  first  use. 

It  should  be  noted  that  each  cassette  shell  is  used  once  as  the 
original  (unexposed)  film  cassette  and  again  (but  only  once)  for 
exposed  film  take  up.  If  the  film  is  frozen,  at  least  four  hours 
should  elapse  (at  room  temperature)  before  attempting  to  load  the 
film.  If  it  is  refrigerated,  but  not  frozen,  allow  two  hours. 

With  the  Hasselblad  magazines,  film  advance  will  not  occur  properly 
until  take-up  tension  is  adequate,  requiring  several  preliminary 
shutter  releases,  or  exposures.  Both  prior  to  and  in-flight, 
attention  must  be  qiven  to  this  detail. 

Flight  maps  and  flight  logs 

The  photographer  should  insure  the  availability  of  his  and 
the  pilot's  flight  maps  for  the  flights  to  be  made  and  prepare  the 
flight  logs  the  day  before  the  flight.  The  flight  logs  should  be 
the  same  used  for  record-keeping  purposes  for  ease  in  post-mission 
transcription.  The  recommended  format  is  shown  in  figure  4-18. 

This  format  was  not  formulated  until  after  all  our  flights  were 
completed,  but  it  represents  the  product  of  the  experience  gained 
through  the  summer  and  fall  fliqhts.  5"  x  8"  index  cards  were 
used,  but  had  a  drawback  in  that  the  photographer  expended  greater 
effort  in  preparation  and  annotation.  Prior  to  the  flight  the 
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planned  number  of  exposures  can  be  annotated  in  the  "number  of 
exposures  in  flight  line"  column.  Allow  one  log  form  oer  pool 
flight  (although  each  roll  of  film  will  have  its  own  log  form 
for  record  keeping  purposes). 

Aircraft 

The  pilot  should'  arrange  for  whatever  aircraft  prepatory 
measures  are  necessary,  including  annual/periodic  inspections 
between  missions,  as  required.  Cabin  reconfiguration  can  and 
should  be  accomplished  the  morning  of  the  flight,  since  in  the  case 
of  the  Cessna  180  used,  the  rear  passenger  seat  required  removal 
and  the  foreward  passenger/co-pilot  seat  to  be  turned  to  face  aft. 

If  a  mission  had  to  be  scrubbed,  as  did  hapnen  several  times, 
there  is  no  wasted  effort.  The  time  involved  to  reconfigure 
the  cabin  in  this  way  was  minimal  and  was  allowed  for  in  our 
flight  schedule. 

Weather  and  atmospheric  condition  compatability 

Both  pilot  and  photographer  should  check  either  the  local 
NOAA  Weather  Service  office  or  fliqht  service/flight  information 
office,  or  both,  for  weather  and  atmosDheric  conditions.  Reliable 
information  is  usually  available  by  mid-day  or  early  evening  the 
day  before  the  flight.  Our  routine  involved  Dilot/photoqrapher 
coordination  both  the  evening  before  and  the  morning  of  the  flight 
to  determine  the  go/no  go  status  and  plan  the  flight  ar\und  regional 
conditions  if  necessary.  Impending  severe  weather,  l^w  overcast 
conditions  and  severe  haze  became  go/no  go  criteria.  In  some 
cases,  when  regional  conditions  indicated  probable  comoatabi 1 ity 
for  at  least  some  of  the  oools  to  be  flown,  the  mission  was  initi¬ 
ated,  and  the  areas  in  which  predicted  compatability  was  low 
were  again  checked  in-flight.  On  occasion,  conditions  improved 
and  coverage  was  obtained  successfully,  emphasizing  in  part  the 
flexibility  necessary  in  scheduling  and  planning  of  fliqhts. 

Personnel  comfort 

It  is  suggested  that  motion  sickness  tablets  and  what  are 
commonly  known  as  "sick  sacks"  be  made  available.  The  photographer 
is  most  likely  the  person  to  be  in  need  of  both  these  items, 
hopefully  not  both  during  the  same  day.  Our  experience  indicated 
that  the  photographer,  even  with  no  previous  experience,  quickly 
adjusted  to  the  spatial  disorientation  phenomena  and  on  several 
occasions  experienced  no  motion  sickness  during  six  to  ten  hour 
missions  without  having  taken  motion  sickness  tablets  prior  to 
the  mission.  However,  degree  of  adjustment  depends  heavily  on  the 
individual.  The  pilot  should  seldom,  if  ever,  experience  problems 
since  prior  adjustment  is  taken  for  granted.  If  illness  or  dis¬ 
comfort  has  been  experienced  within  the  day  or  two  nrior  to  the 
flight,  consideration  should  be  given  to  scrubbing  the  mission  if 
it  is  to  be  a  long  one. 
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Execution  of  the  aerial  photographic  mission 

Once  the  mission  is  initiated,  attention  must  be  given  to 
a  number  of  details,  these  are  film  magazine  unloading/reloadinq 
and  film  labeling,  documentation  of  and  exposure  compensation  for 
on-site  atmospheric  conditions,  maintaining  the  flight  log, 
photographer/pilot  communication,  aircraft  to  ground  communication, 
supplementary  (unplanned)  photography,  and  unforeseen  contin¬ 
gencies. 

Film  magazine  unloading/reloading  and  film  labeling 

Because  of  the  limited  number  of  70  exposure  magazines 
available  (six  in  our  case)  a  great  deal  of  in-flight  and  refueling 
stop  unloading  and  reloading  was  required.  Once  the  ohotoorapher 
has  "mastered"  the  dark  bag  tecnniaue,  an  unloading/reloading  cycle 
will  take  only  six  to  eight  minutes,  including  identification,  per 
magazine.  Through  the  summer  flights,  unloading  and  reloading 
was  accomplished  on  the  ground  only,  during  refuel inq  stoos. 

The  photographer  was  successfully  able  to  use  transit  time  from 
pool  to  pool  to  good  advantage  by  carryino  out  this  orocess  in 
flight,  despite  limited  cabin  space.  In  flight  changes  of  film 
should  not  be  attempted,  however,  until  the  photographer  is  well 
adjusted  to  aerial  flight.  It  is  paramount  that  film  roll  identi¬ 
fication  be  accomplished  concurrently  with  the  unloading,  other¬ 
wise  there  is  too  great  a  likelihood  of  misidentification.  The 
essential  elements  for  the  identification  label  placed  on  the 
film  cassette  are:  the  roll  identifier,  consisting  of  oool  number, 
an  alphabetic  subidentifier  to  reoresent  the  time  sequence  of 
each  roll  in  the  pool  flight  if  more  than  one  roll  of  film  was 
used  in  each  camera,  and  left  or  right  (L  or  R)  camera  orientation 
(for  oblique  photography),  and  also  the  date  flown,  flight  alti¬ 
tude  AMT,  film  type,  lens  focal  length  and  filter  type.  For 
example,  the  first  two  rolls  of  film  exposed  over  Pool  16  on  a 
given  date  would  be  identified  as  16-A-L  and  16-A-R,  the  second  two 
rolls  as  16-B-L  and  16-B-R,  and  so  on.  If  only  one  roll  of  film 
was  used  per  camera  per  pool,  the  roll  identifier  was  simply  the 
pool  number  and  camera  orientation,  e.g.,  16-1  and  16-R.  The 
processor's  film  type  label  (see  figure  5)  also  reflected  the  roll 
identifier,  date  flown  and,  of  course,  film  type,  so  that  the 
exposed  film  cassette  would  not  have  to  be  exposed  to  light  prior 
to  shipment  to  the  processor. 

On-site  atmospheric  conditions 

The  cloudiness,  haze  and  turbulence  conditions  must  be 
observed  and  recorded  on  the  flight  log  for  each  pool,  the 
observation  representing  a  pilot  photographer  consensus.  The 
discussion  of  variables  CLDVAR,  CIDCOD,  CL0C0V,  HAZE  and  TURS  in 
the  handbook  contain  the  operational  definitions  used  for  this 
project.  Further  discussion  is  r?eded,  however,  from  a  methodo¬ 
logical  perspective.  If  moderate  to  severe  turbulence  is  being 
experienced,  a  fast  shutter  speed  is  needed  to  preclude  imaae 
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motion,  or  blurring.  A  shutter  speed  of  1 /1 25th  seconas  or 
faster  at  the  2500'  to  5000'  altitudes  used  was  felt  to 
be  sufficient.  Haziness,  cloudiness,  flight  altitude, 
film  type,  and  solar  altitude  dictate  the  exDosure 
setting  required.  Given  that  a  shutter  SDeed  of  at  least 
1 /125th  of  a  second  is  needed,  there  is  some,  but  not  a  great 
deal,  of  latitude  in  the  shutter  aperture,  or  f-stop,  required. 

The  aerial  exposure  computer  referred  to  earlier  should  be  used 
to  comoute  the  proper  exposure.  It  should  be  noted  that  the  com¬ 
putation  assumes  a  clear  (cloudless)  sky.  Only  an  overcast  sky 
should  require  any  real  adjustment  (opening  by  one-half  to  one 
f-stop  generally).  The  color  infrared  film  (Kodak  tvpe  2443) 
used  has  a  narrower  exposure  range  (or  "goof  tolerance")  than 
does  the  normal  color  (Kodak  type  2448),  making  the  use  of  the 
aerial  exposure  computer  a  necessity.  The  utility  of  two  early 
summer  flights  were  lost  due  to  severe  underexnosure  of  color 
infrared  imagery.  The  lack  of  an  exposure  computer  and  photo¬ 
grapher  inexperience  were  contributing  factors.  The  solar  alti¬ 
tude  (time-of-day)  becomes  a  significant  limiting  factor  under 
overcast  conditions.  In  one  particular  instance,  both  clear 
sky  and  low  overcast  conditions  were  experienced  over  the  areal 
extent  of  a  single  pool,  necessitating  a  choice  of  the  condition 
for  which  exposure  would  be  set.  The  procedure  consisted  of  settir.q  the 
exposure  for  the  predominant  cloud  condition  based  on  the  (around 
observed)  areal  coverage.  To  change  the  exposure  setting  mid¬ 
flight  with  our  operational  configuration  would  have  reouired 
delaying  continuation  of  the  flight  more  than  once.  The  result 
of  this  decision  did  not  significantly  impair  the  auality  of  the 
imagery,  but  it  should  be  noted  that  the  film  used  was  normal 
color  (type  2448),  Had  color  infrared  film  been  used,  even  with 
setting  the  exposure  midway,  the  result  would  most  likely  have 
been  negative. 

Maintaining  the  flight  log 

Including  the  details  referred  to  in  olanninq  and  docu¬ 
mentation  of  the  on-site  atmospheric  and  exposure  conditions, 
the  in-flight  annotation  of  the  flight  Ion  is  a  critical  ele¬ 
ment  in  the  overall  methodology  of  the  70nm  aerial  photography. 
Supplemented  by  the  flight  maos,  it  becomes  the  only  link  between 
the  aerial  photography,  as  executed,  and  the  use  of  the  pro¬ 
cessed  imagery  for  any  reliable  interpretative  purposes.  A 
running  tally  of  exposures  is  kept  on  the  fliqht  log  for  each 
pair  of  magazines  used  (assuminq  two-camera  oblique  photography), 
using  the  intervalometer  frame  counter.  When  chanqing  magazines, 
it  was  routine  oractice  in  our  photography  to  expose  one  frame 
manually  with  the  intervalometer  with  the  photographer's  hand  across 
the  front  of  the  lenses  before  resetting  the  intervalometer  frame 
counter  to  zero,  thereby  making  the  expsoure  following  the  hand 
image  on  each  roll  of  film  equivalent  to  expsoure  number  one  on 
the  frame  counter.  The  information  on  the  fliqht  loq,  as  anno¬ 
tated,  is  transcribed  onto  separate  log  sheets  for  each  roll  of 
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film,  for  reasons  discussed  in  MANAGEMENT  OF  PROCESSED  AERIAL 
PHOTOGRAPHY,  but  a.  single  form  should  be  used  ner  pool  while  in 
flight.  A  sample  form  is  shown  annotated  as  it  would  be 
in-flight  in  figure  4-19.  Of  course  some  elements,  such  as  link 
number,  film  roll  control  number,  orientation  and  river  stage 
information  are  not  recorded  on  the  in-flight  log.  Unon  com¬ 
pleting  the  fliqht,  the  nhotogranher  should  transcribe  the 
in-flight  information  onto  seDarate  forms  for  each  roll  of  film 
to  await  comoletion  when  the  processed  imagerv  and  river  stage 
information  are  received.  Refer  to  the  redundant  data  variable 
section  in  the  handbook  for  operational  definitions  of  the 
factors  shown. 

Photographer/Di  lot  communication 

Verbal  coordination  is  necessary  co  execute  the  aerial 
photography  successfully..  The  nilot  should  allow  the  nhotonraoher 
some  lead  time  in  making  his  approach  on  each  flight  line  in 
order  for  the  photoqrapher  to  adjust  for  crab,  if  necessary. 
Likewise,  he  should  forewarn  the  ohotograoher  of  the  anoroachinn 
first  exposure  station  for  each  fliaht  line,  since  the  photo¬ 
grapher  has  limited  forward  vision.  The  ohotogranher  oftentimes 
must  use  landmarks,  tios  of  islands,  etc,  that  are  laterally 
equivalent  to  the  first  and  last  exposure  stations,  along  with 
the  pilot's  forewarning,  to  execute  the  nhotography  properly. 
Conversely,  the  photoqrapher  should  appraise  the  pilot  when  the 
last  exposure  station  has  been  reached,  so  that  the  Pilot  does 
not  prematurely  leave  the  fliqht  line,  and  whether  of  not  the 
aircraft's  relative  around  speed  is  adeouate.  Too  fast  and  gans 
in  forward  coverage  will  occur,  too  slow  and  the  nsk  of  exceeding 
the  exposure  capacity  of  the  film  cassette  is  run.  Needless  to 
say,  any  problems  arising  durinq  the  course  of  the  nhotoqraohy, 
such  as  camera  malfunction  or  photoqraoher/pi lot  misjudgement, 
should  be  immediately  communicated. 

Suoplementary  (unplanned)  photograDhy 

From  mid-summer  on,  incidental  low  level  photoqraphy  was 
flown  to  suoolement  the  higher  level  nhotography,  acting  in  the 
lire,  of  multi-staqe  sensing.  It  was  flown  after  completion  of 
the  nlanned  photography,  and  usually  at  altitudes  between  3O0' 
and  COO '  AMT.  Appropriate  annotations  were  made  on  the  flight 
log  as  to  location  of  the  low  level  flyover  site(s),  the  time 
and  number  of  exposures  involved.  The  low  level  supplemental 
imagery  was  not  digitizeable  in  the  interpretative  process  'je 
to  lack  of  a  reasonable  degree  of  ground  control  with  thi  extremely 
small  areal  coverage  per  frame.  This  is  to  say  that  it  was  not 
used  in  the  same  geo-reference  sense  for  which  the  planned  photo¬ 
graphy  was  designed.  Adjustments  in  exposure  setting  and  time 
intervals  are  necessary  for  the  supplementary  photography.  Use 
of  the  exoosure  computer  for  the  change  needed,  if  any,  due  to 
change  in  flight  altitude,  and  a  direct  altitude  proportional 
adjustment  in  the  exposure  time  interval  are  all  that  is 
required  in  the  way  of  adjustments. 
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Contingencies 

Occasionally,  unforeseen  problems  arise.  Those  experienced 
are  discussed  here.  Camera  malfunction  in-flight  occurred  twice 
in  the  early  summer  flights.  The  flight  lines  were  flown  with 
one  camera  (see  variables  ORIENT  and  REVERS  in  handbook).  A 
much  simpler  and  practical  recommended  solution  in  the  long  term 
is  to  have  a  third  (backup)  camera  and  lens  available  on  each 
fliqht.  Any  and  all  disruptions  in  ohotooranhic  coverage  as 
planned  must  be  documented  on  the  flight  loq.  On  several  occasions, 
excessive  ground  time  was  experienced  waiting  for  weather  or 
atmospheric  condition  improvement.  Since  the  conditions  may  be 
related  to  river  use,  they  should  be  documented  on  the  fliqht  loq.. 

Film  processing 

Once  the  aerial  photographic  mission  is  completed,  tne 
exposed  film  should  be  promptly  sent  to  the  processor.  Dis¬ 
cussed  are  the  elements  of  ore-orocessinq  film  handlinq,  the  pro¬ 
cessing  request,  packaging  for  shipment,  and  the  shipment  to  and 
from  the  processor. 


If  the  film  cassettes  and  cassette  containers  have  been 
appropriately  and  properly  labeled  while  in  flight  (see  Execu¬ 
tion  of  the  aerial"  photographic  mission)  the  film  will  require  no 
further  handlinq  except  for  packing  into  the  shipninq  container. 

Under  no  circumstances  should  the  film  cassettes  be  exposed  to 
light  before  processing;'  The  processing  request  should  be  made 
in  duplicate,  one  for  records,  the  other  for  shipment  with  the 
exposed  film.  Do  not  rely  only  on  the  film  type  label  to  get  the 
job  done.  The  investment  in  time  and  money  is  well  worth  a 
specific  processing  request.  A  sample  request  is  shown  in  figure  4-20. 
A  sturdy  corrugated  cardboard  box  of  sufficient  size  for  the 
shipment,  some  non-flammable  lightweight  nackinq  material  (such 
as  foam  peanuts),  strapping  tape  and  the  three  labels  shown  in 
figures  4-3,  4-£  arid  4-5.  One  film  tyoe  label  must  be  used  for  each 
roll  of  film.  One  shiopinq/mailinq  label  and  as  many  "do  not 
expose"  labels  as  desired  are  affixed  to  the  exterior  of  the 
shipping  container.  Our  film  shipments  were  made  via  UPS  insured 
for  at  least  the  cost  of  the  film.  UPS  proved  to  be  an  efficient, 
cost-effective  courier.  No  excessive  delays  were  experienced 
from  either  the  processing  lab  or  UPS.  The  custom  lab  will  most 
likely  return  the  shipment  adequately  insured,  but  it  is  advise- 
able  to  request  an  insured  return  shipment  anyway. 

MANAGEMENT  OF  PROCESSED  AERIAL  PHOTOGRAPHY 

The  management  of  au^  Targe  scale,  long  term  aerial  photo¬ 
graphic  project  will  require  an  efficient  imagery  accession, 
storage  and  retrieval  system  and  a  procedure  for  imagery  screening 
and  preparation  for  interpretative  processing. 


Both  a  numerical  and  a  descriptive  index  to  the  imagery 
are  required.  The  numerical  index  should  be  sufficient  to  uniquely 
identify  each  ‘'oil  of  processed  film.  The  roll  identification 
assigned  to  each  roll  of  exposed  film  during  flight  is  unique 
only  for  the  date  flown  ano  should  not  be  used  as  the  Dermanent 
numerical  index,  but  can  be  used  (as  it  wcs  in  our  project)  alonq 
with  the  date  flown  as  the  descrintive  index.  The  nermanent 
numerical  index  in  our  case  was  the  five-dinit  nrocessor-assianed 
control  number  (see  variables  FLMLOT  and  FLMSEQ  in  the  handbook).. 
Although  these  numbers  were  unioue  for  the  course  of  our  rro.ject, 
it  is  not  the  recommended  method,  since  it  had  no  temporal  sig¬ 
nificance  and  no  measure  of  in-house  control  of  number  assign¬ 
ment.  The  recommended  system,  usinq  the  same  field  width  assign¬ 
ment  (refer  again  to  FLMLOT  and  FLMSEQ  in  the  handbook)  is  to 
use  the  current  year  (e.g.,  79  for  1979,  BO  for  1930,  etc.)  and 
a  sequentially  assigned  three-digit  number,  from  001  to  999, 
within  each  year  for  the  FLMLOT  and  FLMSEQ  values,  respectively. 
This  method  guarantees  a  unique  numerical  index  with  in-house 
control  for  each  roll  of  processed  film.  However,  the  require¬ 
ments  of  the  interpretative  processing  method,  as  developed, 
reouire  that  each  fliqht  line  be  uniquely  identifiable  across  all 
imagery.  It  was  felt  that  a  single  identifier  should  accomplish 
this  purpose,  hence  the  use  of  the  link  number  conceDt  (see 
variable  LINK  in  the  handbook).  T.he  link  number  is  also  sequent¬ 
ially-assigned.  For  the  scope'of  our  project  a  three-diqit  number 
was  sufficient.  For  large  scale,  long  term  orojects  the  field 
width  for  the  link  number  should  be  expanded  to  four  or  even  five 
digits.  The  film  roll  numerical  index  and  link  numbers  should 
be  assigned  durinq  the  ore-interoretative  screening  of  the  pro¬ 
cessed  imagery.  The  film  roll  numerical  index  or  descriptive 
index  should  be  the  physical  accession  device,  while  access  to 
the  encoded  redundant  data  for  each  fliqht  line  is  served  by  use 
of  the  film  roll  numerical  index  (FLMLOT  and  FLMSEQ),  flight  line 
number  (FLINE)  and  link  number  (LINK)  together  to  insure  positive 
data  access. 


Imagery  storage  and  retr~> 

The  proper  storage  of  processed  imagery  requires  only  that 
the  storaqe  area  not  undergo  extreme  temperature  or  humidity 
variations.  A  computer  card  rollout-drawer  filing  cabinet  is 
ideal  for  storing  the  processed  imagery.  Division  by  nool  and 
date  flown  (descriptive  index)  by  film  roll  numerical  index  is 
recommended,  whichever  best'  serves  the  needs  of  the  user.  Since 
our  film  roll  index  numbers  had  no  temporal  significance, 
storage  and  retrieval  was  geared  to  the  descriptive  index. 
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Imagery  screening 

As  soon  as  possible  after  receiving  the  processed  imagery 
(and  river  stage  information)  the  partially  completed  aerial  Dhoto- 
graphic  log  forms,  transcribed  from  the  original  flight  log 
should  be  completed  with  the  required  roll  index  numbers,  camera 
orientation,  link  numbers  and  river  stage  information.  The 
completed  forms  for  one  particular  fliqht  are  shown  in  figures 
4-21  a,  b,  c,  and  d.  The  oriqinal  fliqht  log  (had  the  form  been  used 
for  in-flight  annotation  as  now  recommended)  is  shown  in  figure  4-19. 

Conformance  with  flight  log 

The  imagery  should  be  screened  to  insure  that  the  number  of 
exposures  in  each  flight  line  on  the  imagery  matches  the  number 
recorded  from  the  intervalometer  frame  counter  in  flight.  If 
there  is  any  discrepancy  the  imagery  should  be  checked  to  insure 
there  are  no  gaps  in  forward  areal  coveraqe,  or  endian.  Ouring 
one  of  the  early  summer  flights,  one  camera's  motor  drive  battery 
began  to  fail  and  exDosed  only  one  frame  for  each  two  the  com¬ 
panion  camera  exposed.  The  conformance  procedure  will  detect 
this  situation.  On  the  other  hand,  the  photoarapher  may  merely 
have  misrecorded  the  intervalometer  frame  count  in  flight 
or  transcribed  it  incorrectly  from  the  flioht  log.  In  either  case, 
the  discrepancy  must  be  accounted  for  and  corrected,  if  possible, 
before  encoding  of  redundant  data  takes.place  durinq  the  imagery 
interpretative  process. 


Frame  number  annotation 

Ouring  the  imagery  interpretative  process,  the  frame  number 
(see  variable  ROLSEQ  in  the  handbook)  is  an  integral  part  of  the 
data  entry  and  the  Interpreter  must  not  have  to  roll  the  film 
back  and  forth  to  merely  determine  the  flight  line  and  frame 
number  at  which  he  has  decided  to  target.  Hence  the  need  for 
numbering  the  frames  at  specific  intervals.  Numbering  the 
first  and  every  fifth  frame  thereafter,  olus  marking  the  initial 
frame  of  each  flight  line,  with  small  signal  dots  in  the  frame 
margins  adequately  meets  this  requirement. 


Imagery  utility 

The  screening  process  allows  the  utility  of  the  imagery  to  be 
determined.  Underexposed  or  overexposed  imagery  may  not  be  use- 
able.  Likewise,  camera  shutter  malfunctions  or  dissvnchronization 
can  render  the  imagery  unuseable.  Exceptions  of  this  kind  should 
be  noted  in  the  remarks  area  of  the  flight  lon(s)  concerned. 


Photograph  4-1  Cessna  180 


Photograph  4-2  70mm  Photographic  System 


Photograph  4-3  Camera  Mount  (front  view) 
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Photograph  4-4  Camera  Mount  (side  view) 


Photoqraph  4-5  Camera  Mount  (bottom  view) 
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Photograph  4-6  Camera  Mount  and  Photographic  System  in  Use 


Photograph  4-7  Dark  Bag 
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Figure  4-2  Camera  Mount  Design 
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Figure  4-2a  Bracket  Assembly 


Figure  4-2d  Frame  Backplate 


Figure  4-6  Field  of  View 
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I. 


I'lOimi:  I.M 

(Scmnclry  ol  a  *ill«l  |'lKUi>gr.in|i  sliiivemu  Ult-swiny-.i?nmilli  anyular  oncnl.ilion. 


and  (2)  a  lianslation  ol'urigiii  from  o  to  n  flu*  lotaiion  angle  0  in  defined  as 

O-.v-IXO'*  (I.M) 

Tilt*  coouliiiaie.s  id  image  |»oinl  ti  alici  loiaiiou  ait*  ami  y" .  as  shown  mi  I :i t* . 

I.Tl/.  These  art*  calculated  usiiit;  Iho  billowing  mlalimi  c<|iialnms 

v’  =>  vrf  COS  o  -  i*;(  sill  d 
i'j’  *  .v„  *an  0  +  i*tf  cos  0 


Figure  4-7  Geometry  of  Titled  Photogranhs 

From  Elements  cf  Photoorammetry.  Paul  R.  Wolf.  McGraw-Hill 

]97V. 
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Hf.llttl  |  1-3 

(a)  s’nm'ipil  plane  ol  a  lilted  pltoui  taken  «*vvi  Hal  iu<"U'4.  i/>)  hn.ita:  on  the 
illicit  photo  <>l  a  Mptare  ground  sml. 


also  cause  changes  in  .scale,  lull  scale  in  v.ni.nis  pails  of  i|i>-  pi»>io  is  fmiher  altcclcd  In 
the  magnitude  and  angular  orientation  of  the  tilt  l*iatno  I  >  illnsirales  the  ,n  uiup.il 
plane  ol"  a  tilled  photoguph  taken  over  a  septate  ana  on  !la  grout, <1  I  tame  I 
illustrates  the  appearance  ol  the  grid  on  the  sesiiliine  tilled  |)boioeuph.  |)ne  to  nit. 
object  distance  LA  in  Pig.  1  >.'</  is  less  than  oldest  <list  nice  /  />  and  hence  a  and  line  neat 
.•I  would  appear  larger  (at  a  bigger  scale)  Ilian  a  grid  line  neat  I'  Ibis  is  illustrated  on  lug 
I.V.'/t  where  photo  distance  </ j  appeals  longer  than  photo  disi.tike  ,/,.  set  both  are  the 
same  length  on  the  ground. 

The  scale  at  any  point  on  a  tilted  photograph  is  readily  calculated  u"  tilt  and  .v.irg 
for  the  photograph  anil  the  elevation  of  the  point  are  known.  |  igure  I .'-4  illustrates  a 
tilted  photo  taken  front  a  flung  height  II  above  datum.  /.<■  is  the  cameta  local  length  The 
image  ol  object  point  .4  appears  at  a  on  the  tilted  photo,  and  its  photounmiinatcs  in  (lie 
auxiliary  tilted  photocoordinate  s>stcm  are  x'j  and  y'a.  The  elevation  of  object  point  .4 
above  datum  is  /*.. j .  Object  plane  .4. 1  ’ A.,-1  ”  is  a  lion/onlal  plane  vousliueled  a  distance  h  ( 
above  datum.  Image  plane  m'kk'  is  also  constructed  horizontally.  The  scale  relationship 
between  the  two  parallel  planes  is  the  scale  of  the  tilled  photograph  at  point  a  because 
the  image  plane  contains  image  point  a  ind  the  oh|eei  plane  commits  object  point  .1 .  I  he 
scale  relationship  may  be  derived  from  similar  triangles  i.ka'  and  I.KA'  as  follows: 


bui 

also 


l.k  _  kM_ 
I.K  =  KA‘ 


l.k  =  l.n  -  kii  =  //cos  t  -  y'a  sin  t 


IK*  //-/i., 


Figure  4-8  Tilted  Photograph  with  Square  Ground  Grid 

From  Elements  of  Photoqrammetr’/,  Paul  R.  Wolf,  McGraw-Hill, 
1974. 
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>>l  i  lilted  photo. 


>1  jiliulo,  ll>)  l*fii)ci|ul  pi.,. 


.WJ  ^  U)‘n!)ni"Cn,S,0t. !!,e  ;,1)uvc  ,w<>  eqtwiiems  aic  illustrated  in  1-j,  13.^. 
r;  t00ld,nate  .»’«  IS  oi)(ai[,'-‘J  >>>  addinj;  Hie  iiandjii.«,  distance  ,w  (o  From 

r  ^  *  "d'  IS 11  V,ew  w«  ,lw  ,s  /  l;m  /  Tlieiefote  .he  eaordiu.Uev 

01  j  pom  I  111  the  required  auxiliary  coordinate  system  are 

■v>v,eo  «7,Sin()  (|,2) 

•*«  =  vu  sm  4  *  eos  0  +  /'  tail  l 


13-4  SCALE  OF  A  TILTED  PHOTOGRAPH 
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Figure  4-9  Tilted  Photograph  Auxiliary  Coordinate  System 

From^Elanents  of_Photodramnietry.  Paul  ».  Wolf,  McGraw-Hill, 
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Scale  \>l  a  illicit  photo.  and  minimi  coordinate  system. 


Substituting  l.k  ami  l.k  into  li/)  ami  iln>|>|>iiig  siiIim  lipts 
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lit  l-q.  (I  3-3),  .S'  is  l lie  scale  mi  a  lillal  j«lu >1 . *;*i a |>li  tor  any  |>mnl  wlmsc  elevation  is 


Figure  4-10  Scale  of  Tilted  Photograph  with  Ground  Coordinate 
System 

From  Elements  of  Photogrammetry,  Paul  R.  Wolf,  McGraw-Hill 
1974. 


Figure  4-11  Change  in  Scale  in  Tilted  Photocjraohs 
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Figure  4-12  Two-Camera  Low  Obliaue  Flight  Line  Teiplate  Elements 
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Figure  4 
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13  Cross  Sectional  View  of  Oblique  Pass  Coverage 
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1k30LO^RG£-T  (0^>£-D  TlLU  5>h|Z^  \S) 

—  Correct  PA4& 


Figure  4-14  Flight  Line  Template 
H'  »  2500'  AMT 


j —  20%  SiOUa?  £xf©s o*e  Static^ 


Figure  4-15  Flight  Line  Template 
H'  =  3500'  AMT 
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Scale:  1"  =  1  mile  (shown  at  reduced  seal 
Air  Base  B  =  2460' 

25%  EndlaD 


at  reduced  scale) 


AERIAL  PHOTOGRAPHY  LOG 

RESOURCE  ~ 
DATTOF  YR  |  j  MO  |  BOAYI  H  DATE(  1-366)  |  UDAY  OF  HE EKj 
PHOTOGRAPHY  SPECIAL  EVENT  ON  INDICATED  DATE?~H  . 
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Figure  4-18. 


Blank  flight  log  form 
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Figure  4-19. 


Sample  in-flight  fliqht  log 

(see  also  figures  4-21  a ,  b,  c,  and  d) 
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Figure  4-20  Sample  Film  Processing  Request 


AERIAL  PHOTOGRAPHY  LOG 


AERIAL  PHOTOGRAPHY  LOG 
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Figure  4-21 b.  Samnle  transcribed  aerial  nhotoqraohic  loq  (sheet  2) 
(see  also  figures  4-19  and  4-2 1  a ,  c,  and  d) 
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Figure  4-21 c . 


Sannle  transcribed  aerial  photoqraphic  Ion  (sheet  3) 
(see  also  figures  4-19  and  4-21  a ,  b,  and  d} 


TOTALS 


AERIAL  PHOTOGRAPHY  LOG 

PHOTOGRAPHY  I  SPECIAL  EVENT  ON  INDICATED  DATE?  j  h»o£ _ 


4-62 


oc 

s  £ 
h< 

CSU3 

H  -- 
■x  uj 


<  — 1 — 

UJ|<  I — •  ) — 
ft£iCU  OO  OO 

<  a  <  < 

<  CJ-CJ 

I-  kc; 
re  i —  ui  uj 
cr>  =  r»|=> 
—  CD  CIO 


—~  x  uj  — i r~ 

r:  i - iX  M-1  " 

d:  m  o  uj  uj  u. 

I _  3-  X*  _jl  3* 


I  Ui - ' 

-  Z  00 

aoi- 

UJ  «■*  — 

X  z 
a.  x 
< 

ce.  *-u. 
cr  tr  o 
• 

ft. 


UJ  —  o  —  s  i— j — 

_i  o:]z  Hir  s 
C-ii—  CD  iUjIuj 

jz  zz  oo  ^  ^ 

<  —aU.  H*  —  00  O  O 
OvOO<zujct:a: 
O  «v.  UJ  UJ  CJ  CO  C2 
LU  I-  X  H-  Q  ~  — 

'■A  <  X  <  CZ 

VI  ^4  UJ  h—  UJ  CU  V 

x  '  a  ae  ^  i 


ujnzp  z  z  -  •  i 
_j  a.  Hz  i-i— p  a 
""  1  -•}  ju 


1  ^  7™" 

.  O  UI  H  CJ  CJ 

.  ,5£  „  CJ  X  oO  00 

,  _  r  X  O  UJ  T-t~ 

MUJ  —  h- 

Q£  vSl— I  J  <C  UJ  V 

uj  — *x  *>h2  ac  ** 

*“  !*;  X  X 

.j  ^  cx  z  a  >|X  x 
I  —  — XiO  O  UJ|0  <3 
u.  uj  b—  iz  St  oo  i<— '  — 

i-sh-rl-55. 


c  cc  — t—  — - 

oo  uj  3  3 

,c<  OO  huioo 
^  UJ  h  <  £  J  J 
ZIKUl*^- 

fvo  —  o  uj  ce 
CCM—Ot- 
UJ<  JO  X 
*JJ*lt—  x  oo  E  uj  -  - 

UJ  QL  CC. 

£  1  <  < 
<C  UJ  UJ 

uj  2  •  >-  X  j  j 
a<oi-  cj  cj 

>-  a  z  — — 7— 1 — — 

H—  O  J  UJ  ►—  K- 
I—  CJ  —  _ I  2!  r  h* 

xx  co  cq  <r  <  z. 

joo<<^-2< 

M  M  ZD  M  M  {/)  *’— •  •— * 

u-joccazEo: 
_  u.  j  <  <  o  o  < 
cj  >  >  o  o  > 
a _ 


CD  <3  UNUJ  o  • 

££  ordBHd  §i 

5o  -sowiv  d  8 


tz  awlrnj  ni  Vi 

Z!  'cJX3  dO  '"ON  ^ 

(_  3WVdJ  V)  « 

5  isvi  ™  > 


2um  ^ 
ISMIiP  00 

dUlS-J  1  ^  5 

Q33dsJsT§ 

d3:iflHS^p^, 

X3aHlT&  & 


>  'mo  who  1  i  \  _ 

5  (D3S)  *  INI  fn  ^ 
X  3WU  ’  S0dX3 - 

UJ  —  -  _  _  > 

|  3WU  idVIS  S  in 
3NI1  1H91U  ^  i 

snund  SV  «  | 

g  jihoij  jii£jj£  *_ 

I  Dd9  1$  ^ 

,  3nn  lHanj  <=> 

d  d39wnN  ,  ^ 
“  3HI1  iH9I1d 

c  «38WnN  XNI1  ^  S 


Figure  4-21 d .  Sample  transcribed  aerial  nhotonranhic  Ion  (sheet  4) 
(see  also  figures  4-19  and  4-21  a ,  b,  and  c) 
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LEGEND:  1  Appropriate  (Hi qh  Reliability  -  Minimal  Deviation) 

2  Marginally  Appropriate  (Moderate  Reliability  -  Acceptable  Deviation) 

3  Inappropriate  (Low  Reliability  -  Unacceptable  Deviation) 
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TA8LE  4-2.  Image  Resolvability 


Assume  best  resolution  of  30  line  pairs/mm  for  70mn  onerational 
conf i guration.  “ 


Ground  resolution  cell  size  at  approximate  scales: 


Ground  Resolution 

Scale  (fpi)  (at  301n/mm)  in  ft. 


500 

0.65 

ft. 

1000 

1.3 

ft. 

1500 

2.0 

ft. 

2000 

2.6 

ft. 

2500 

3.3 

ft. 

3000 

3.9 

ft. 

3500 

4.6 

ft. 

4000 

5.2 

ft. 

4500 

5.9 

ft. 

Jun  21 


Photography  Record  (1979)  by  Pool,  Date  and  Time  of  Day  (continued) 
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APPENDIX  4. A 

9"  x  9"  Contract  Fliaht  Bid  Specifications 
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ncfunN  10  ,UNWt  i5,;);y  or>v:!:;i',»M';it:  vAOKtSi 

k  uaV;c.uii  tvu'.t'tvl.tff  m.t*. 


REQUEST  FOR  ; 


Vf !(S  IS.  NOT 

.an  Order 


yowf  reply  plta*«  SEALED  MO 

it f«i  io  |npu»fy  No, _ F.Q*^7?0 

PKC  D*t"«  _  d7»OS>.79..  .1 _ 

(oioiiom  MUSTtU’  »n 

i%  g((#<«  AQt>iatci  IhqA  ?;;.Q9  I’M  COST 

ioit  prict  and  dolivccy  FOD  QES7INATI0N,  DOOR  OCUVERY* 

(X  )  Madiion,  Wfjcoaua 

•  * 


*»l»i 


•  lli*t#*e\««y  «t*  nvt  >]<| 
1  Nil*  A(l, 


(>•  *n>«i  f!l  f  Si'ti#  a«  J 

iiiitii  imi  t 

«•  '«•!(  V<<l*  'Ini  <vi  tli#  <4%* 

nl  "HM#ti>ih  ' 

#%M  #l»t|HVl#||  I'lllll 

l).#  *<Ku<iV'M  All) 

VtliSirfuilnH  Mi,/  !>»  V  J,  !•«»  MlJVl  U  .'(an'iiiH  t# 

.11*  I  tll.'l  l<W>»).#r  III*  UAlfflltlgi 
l»M  I#,  *v *  i#  ***  tV" »»»  #> 
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«»  «iii  !••••«.  ij#u  lOMil'iici'tt  lul||, 
l„  (|«t#im,ii'itH^i  vl  fittli  Ji\«tt#n<|  «#<ll  nil  W 

Uf\«iUiV'l  *(  liiui 

«41«I4|  t,»l  Vil  vrfl  «»«•»*  i ft 

ifwNii  With  , 

Il>#  tSdiwitinti  io  K<t(i  #1  9#  |4«(  #1 

4  ^«*«iil-i‘t»l(tiiiif  ^  •';«  *V  «V<r i>r  tu(H  iU  A#*ti 
>«  »W  W\»  »>■•«!•  lit  )l  lltt.SlOli  tfkj'utniiAi 

$£C  OTHER  SIDE 


VfaivfUilf  Pyf(KfttA)  AJ-i.n’nmiOi 

Tor  U  -«f  InfarmohOA  c^ntcfrwag  tfii %  inquiry, 
<oiWq$"  ^ 

<*!  «•  *•  ,mh^'  . 
.(“Tflephon.  A„o'6C3  26MJ22 


Of  If  fly  fUST  t  ■"  ihowiy 


”  ,«'lf».j  Aim!- 


0»MV<!  t~ 

’>1-  o  *  "  »m«f 


Aovl.il  Ktirllc.il  pliot Opmi.liv ,  scale  of  ?.0t>0  1‘  ,i  ‘to 
one  Inch  or  . pre.net  an  In  fra- ted  color  rtveri 
•film  for  reconnaissance  ?u*yey.\  of  no  .iron  a V, 2 
tins  Mississippi'  Stiver  extending  fur  lock  and  j.«i  10 
at  Gucienberg,  Iowa,  south  to. lock  and  pan  22. 
southeast  of  Sayerton,  Missouri,  to  Include  pit-  1 
•cessing  and.  del  {very  of  .film,  delivery  of  one  «  opy 
of  flight  m.ipfs)  used  ihoM.ilnlng  subject  nor,  ij  ; 
photography,  anddetlvcry  of  urlttr.h  statement’  >f  , 
atmospheric,  light  and  flight,  condition:.  nud  pn  \-  • 

J  meters  to  contract Ipg  authority. 

«  1  * 

j  Advise  cost  of  l  tie-performance  bond _ ^/SlOOb  .00., 

i  -Quest  Inns  regard! rip  the  lnylt.it  (ou  to  i. id  should  l>e 
i  directed  to  Ken  foytlj  ho, tie  phone  (AOSlSH-MfiO,  ! 

|  'dep.irtnier.C.il.ipiibne  (bOS  )2(i3-?  300  (Pepin  ru-ut  of  .  . 

|  landscape  Architecture,*  j 


umolllt  . 


I 

w.  •,«  .'Oellvetyt  FOP  OcMinotion,  Oeor  Drhvciy 


__  | 

i  Sipped:... 


Oft 


•- - i 


.  |  TuU.. . 


iAlCSUlN'S  HO'PtSi  f, 00- 11:50  *.u„  lijo.JOO  P  w,  uuiltlA*  Itmu  rRMIAy 


hfP'liy  K0-Vr-0 
hyx  ! 


THK  UN tVKIiji  iv\'yw  U ISttWS  ?fi  -  M  l. I  i  sum 

srKciKiCATinNS  cKNKUAt.  KKou  MffMnrn:  Am'u  x< va» ir 

I  «  *Ut«*  .‘iiuH* «•-*•'« lx  1  liM<l«‘i'  m  iv  !•»'  f  •vjnk  i'«ul  Ut»  l«riti‘;li  ;i' pi*rfiMiii;iiir»- 

y  |itm«*  Ul {'.sd'Hii'il  Uv  t l<v  4*i»»il  r.M’l  in)*  smtlmrUy  in  .1  :»»w  *  t\  |h»*  to( -1 T  ompimi 

•iilik  1  he  \>nn.inrr  hoed  a»K|  In*  !  i;;I i  tl  x.-pur-it !  v  nn  -the  bid  form. 

Comneiit'ericv/l‘nn I  !f  1 1* :i i  inns  •  Tin-  hi-ldt  r  odist  in;'  (imlmt'i  t  y  iitfnr* 

notion  relat iugto  his  (|U.-|  1!  fie a l  loot  and  con-pet  eurv,  Itiljt  Inf,. ri.i.it  Ion  Khali  toe  I  mlc 
a  cert  Ifled-.-iloteniciu  setting  forth  the  Major's  l-os  i  itfo;t  .uoi  t  echo  leal  org.'ml.'.a  t  ion, 
.experience- In  .in  la  1. photography,  eip.i  i  |«ient  av.iil.iM-*  f  »«i  ilie  !•  I  <!  project,  whether-’ nr 
not  hi*  litiK  cumlui-t o.l  prior  avrl.i  1  plihingt-aphy  (lor  other-.)  oi  pidject  turn,  mol 
•other  •tnfnriu.it'ton- he  deumi:- qu.tl ifyliig.  (letai  I.*.  ,iml  sample -plio lt*i; r.i pity , «in  prior 
photography  of  tin*  project  diva  should  lit-  sul-n.iued  If  poiisSlilc. 

Kxamlh.it  Ion  - i  Before  ah  agreement  is  entered  Into,  tin*  successful-bidder  shall  care* 
fully* examine  the  -I  temienc  Inn  -schedule,  spec  I  f  lc.it  Ions,  anil  assoclai  t-d-  drawings,  plans 
and  maps,  it  shall  .bc-His- respnnsll-i Uty  to  obtain  puff  (clout  knowledge  of  Hie  project, 
arc  a  and  all  eotidlt  ions-affcct  log  ap.recment  votk  .uul  Its  performance,  Including- appll- 
'cable  laws,  ordinances  and- regulations.  One  set  of  all  avatlchlc  lISCS  topographical- 
maps  (seh)ns'  ef  ) :  3  A  ,  000 ,  1:62,500  and  l:!50;000),  river  navip.at  Inn  charts,  (sea  le  of 
1:31,6?0),  and-  associated  drauiii;;s.'|il,ms  ,if  ihe  project  are.r  wil  l  he  .ivhilaiile  for 
exaiiiin.il  ion. at  Room  254,  Peterson  Office  Du  I  Id  I  up, ,.  University  uf  Wi  scons  iiitMad  Ison 
campus,  dut.Jng  regular  business  hours.  Croas-h, itched  qinid  arcas-oh  attached  project 
-area-map  ay*  not  mapped  by-USCS.  Orthophetoguads"  exist  for  thoia- areas ,  but  arc  not 
available  at  tiia  abovc-cUnd  office. 

Plan  for  Aorociiient,  Work  -  The  bidder  shall' submit  a  plan  for  agreement  work,  which 
shall  Include: 

A.  Infnrnat  I  on  on  qua  l  If  lest  Ions  and  competency  aa  referenced  above. 

3.  The  type  of  aeriiil  camera  to  he  used,  the  lens’  focal  length  and  characteristics 
of  the- lens  including  maximum -tangential  d  l-.tort  loh,  and  the  radial  distortion,  measured 
in  millimeters,  relnt.ive  to  the  calibrated  teeal  length  at  the  angles  specified  In  the 
lens1' current  ca l ibrai ion -report. * 

C;  Anticipated  delivery  lime  to  the  contracting  authority  of  end  I  tin  products  In  ,  terms 
of  nnmbcr-of  days  beyond  tho  dale  of  completion  of  aerial  photography,  said  number  of 
days  hot  to  exceed  thirty  (30). 

Preparation  of  Itemlx.it  Ion  Schedule  -  Md  anciint  shall  he  written  -legibly  (in -Ink  or 
typewritten),  un  -forui  provided  bv  the  emit r-u-t  lug  authority,  ns  a  lump  Mir  .md  coqt  ef 
-  performanco- band  Hated  separately.  -The  schedule  and  any.  a  Iterations  mm.i-  be  on  letter¬ 
head  stationery,  signed -by.  theiblildcr  or  this  .iutliorUed  representative  and  attached 
to  the  bid, 

lutein  of  Arceer.ent  -  The  intent  of  the  agreement  is-  toptepc  ributlic  cue  I  re  agreement 
work  whlch-the  successful- hldiler  shall  undertake  to  complete.  The  successful -bidder 
shall  furnish  whatever  service  and/ov  goods  are  necessary  for  the  satisfactory 
eomplct Ion /of  agreement  work. 

Terms  -  End  tteix; product* -to- he  delivered  eb  the 

A:  frocesstd' film  of  subject  nerl.il;  vertical  photography  In  continuous  strip  form 
w*  on  spool (s). 

8.  One  (lj  set  of  flight  m-ips  upon- which  the  f light  lines  are  delineated.  Flight 
lines  shall  reflect  direction  of  flight,,  flight  sequence,  and  tick  marks  tor  inlen 
exposure  slat  inns. 


4r7! 


.  !•■•!•>  i  i  y  hli~'./-0 

l*.»i*.*  ? 

<:.  Writ  ten  stat  iinenl  of  I  iv'il  c«.ii<!  1 1 1  .til)  ;>.ir:iiin'l  eis 

‘tluriiiK  execiu  I ci»-  itl  Mil.j.'Cl  .n  r ia I  (ilittii'tlHl'I’ir  V. *1  i 

l 

llonliol  nl-V,>ik  lh.nori.lt  1 0  •  pi,.r«  .1  I  -  It-i  “I  -.nil  |e, !  .  I  ■  ‘  t  ill  ..lint  IM-I 

ami. tit  her/  remurdd  end  i  l  .-mi.  'Shall  all  bentm"  tin'  j  *  1 1 '  ]  M '  r  f  v  n  t  lln-  n>m  r.irt  iog 
itOtborlty.Vlu  In  nnv  i  i.  via;,  of  agrevni.-iil  urnR  .'ll  o  In  Ilii  to;,  nl  ..nitons*.  In  I 

bidder  and  until  certified  dolivery  iif  samt  to  rimi  r.'ici  ini'.  authority,  r  1  if  success!  it  1 
bidder  Is  responsible  for  i  In'  I  r  p  r  oseevat l  mi .  gjiou  Id  .inv  f  t  one;  -  hPenmo  dust,  ii.m'ir(i|i|, 
or  dbxt rout’d  within ■  Unit  period,  ( or  nnv  irnxvoi.  tin  Min esiiful  bidder  i.iiaU  t'u  place 
them  at  r  lino  ml  I  e c  possible  tint  i*  act  eptable  .to  anil  uiilumi  co.'.t  to  i  lit*  contracting 
authority. 

Tlmo.af  rhotmiraphv  ■  Photography  sha 1 1  he  token  dm  log  a  weekend  period,  between  the 
hours  of  9  'AM:  and  61'M.  Photography  rdiall  be  over  one  weekend  period' only  and  p re¬ 
fer  n  h  1  y  over  one  day.  if-  photography  most".  he  split-  over  a  - two  day  period,.  jnxtif (cation 
for  doing  so  shall- appear  in  the  written  statement  of  flle.lit  conditions  and  pa  earner  c  r  s , 
Weekend  periods  acceptable  tor  cxecut inri.of  sicr.la I  photography  arc:  7-?  July  1979; 

16-15  Julv  1979,  2.1- 22  July  1979,  or  2?-20  duly  1979,  After  not  Ice  to  (irococd,  the 
successful  bidder  shall  execute. aerial  phot ographb  at  the  earliest  possible  date  that. 
p'rojected-ntmuapherU  .condit  ions,  will  a ! low. nefta  1  .phot oiynjthlc  coverage  of  the  area 
with  no  more  than. two  (2)  percent  of  the  total  imagery  (in  t»iMX  nf  mredidisot  , (tomes) 
obsedrod,.  whether  partially  or  wholly,  by  cloud  covet-  to  the  extent  that  ground  fea¬ 
tures  are  not  .diseerulblor  Dates  other  th«n  those  Indicated  min  he  negotiated  with  die 
contracting  authority  and  justifiable  onlv  because  of  adverse  weather  commons  on 
daces  Indicated.  If  ranrj  than  two  (21  percent  of  the  total-  imagery  Is  obscured  a*, 
defined  above,,  such  may  be  cause  for  reject  ion  at  the  photography  of.  the  pool  over  which 
It  occ'ur«. 

Rejected  Aerocmcnt  Work  -  All  agr/ement  work  which  dues  not  meet  agreement  reqo  1 rrmont i 
and  t.x  rejected  hv  the  eottt  eae  1 1  or  author  It  y  will  he  cone,  ted  to  fully  conform,  If 
such- is  possible  without  ref  lying  the  photography.  The  costs  of  such  work  shall  be 
borne  by  the  successful  bidder. 

l.ee.al  Rcsnonr Hill ttv  -  The  bidder  is  assumed  to  be  familiar  with  and  at  all  clm.cs 
comply  with  ol  t 'Federal,  State,  and  local  laws,  safety  laws,  and  .regular Imis 
affecting  agreement  work.  The  successful- bidder  shall  take  necessary  ciire  at  all  times-, 
tn.all  operations  and  usc  of  his  equipment,  to  protect  the  public,  and  shall  exercise 
reasonable  precautions  for  Hie  safety  of  employees  oh  the  project.  Whenever  any 
director  indirect  damage  or  injury  lx  done  to  jiphlic  or  private  property  by-or  on 
account  of  ahv  ait,  ommlssinn,  oe  neglect  of- the  successful  bidder  during  .execution 
of  agreement- work; -or  ax  the  consequence  of  tum-execut  loiv  thereof  on  r lie?  part  of"  t no 
successful  bidder,  the  successful  bidder  shall  .save  harmlosstbe  contracting  authority 
and  representatives  thereof,  froni  all  -suits,  actions,  or  claims  of  any  kind  brought, 
on. account  of  said  Injury  or  damage. 

Aerial  Vertical  I'liotocranhv  Spec  I  f  lent  Inn  Details  Area  ;  The  area  to  be  photographed 
Is  a  narrow  longitudinal  uvea  approximately  315  r Ivor  mi  li.s-  long  (nee  attached  project 
area  map).  Aotial  photographic  coverage  will, extend  from  lock- and  ham  10, to  Took  and 
Daw  22,  as  indicated.  In  the  Itcmliation  schedule,  Minimum  width  coybrngu. shall  b<?  from 
levee  to  'leyo'e,  railroad' trhck.  to  to 1 1 road  track,  or  levee  to.  railroad  track  on  either 
side  of,  the  river,  whichever  del incatwx  the  narrowest  area.  Where  no  levee  or  railroad 
-track  Is  present  along. the  shoreline- of  the  river,  a  straight  Hue  Joining  the  ends, of 
such  applicable  features  shall  dellneat i;  the.  width  of  .coverage  fur  such  affected  areal 

Him  •  Only  color  rmrs.il  typo  infr.'U't'U  film  U.ivlnj;  .ni  (.mils Ion  of  fine*  y, inf nj  hlp.h 
sensitivity,  nnd  liip.h  intrinsic  .n*snlvl«»|v  pnwr  (thrill  bo  used*  (Ml •doted  film  slut  1 1  not 
bo  used. 


4V72; 
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C.-iini-1-n  .nid  Ass.-i'  I'.i r  .-.l  Ktm  1  j-diiT.t  ■  ,\  r- l  II;’.  1 4'  1  t  ils .caiurru  >li.4 1 1  In-  II  Ml! ,  .111(1  ;;h.l  1 1  hr 
equ  Ipp.vd  with  'vacuum  -  syst  >;n  <ti'  pri-s.-airi-  d,«v » c*-  tor  he  1(1 t nj:  tin-  f  ( I'll  f  l ,11  duriit;-. 

; |  t-xpiiNu ic - ntul  nil  !iiicr,valo,ti<-l  t’-r  for  (lilt cn.il  if  H|..-r.it  i .  Iiiim.iI  :.!».»  11  !"•  9.-1, leh 

,U  |iy  9'  iriyli.  Tin*  C.HI'I'  I\|  I'll  -t  i-  [1  riiiliu-1*  1  iduc  i  .1 1  !.(!:>■  (Ml  (-.  14 1>  f  i  .Mir  lor  , I c C'.U  .I  l v  I  y 

local  tin!  pc  £  (i  icp.ll  point.  Tiii'  cairn  r.t  alia!  I  I,.-  !  c  <>1  rJ;p“‘(  il'-i*.  ni.qiu-nt  i  .1 I- 
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•fllsi-and-  flight  maps  (a)  sin  1 1  i  dent  \v  tin-  area-  coveicd  !>v  in  pi;  roll.  If  mure  (linn  one 
roll  <ls  necessary .  jf  .(.lie  .earner.  nor  expnsi-  tin  time  (of  dnyi  of  exposure  nn-tKe 

film,  tins  writ  ten  ■  statement  of,  com!  it  Ions  and  paramp.rer.-t  alia  II  contain  (lie  d.iy 

and  t  ime -uf  day  (or  flic  first  tit..  eery  fill  i •-( It  erpo-.iirv  tliorirnf l or,.  Focal  length  of  the 
lens  shall  lie  at  the  disced  ion  of  the  successful  Milder.  A  Wi'.if  ti'P  Aj2',  or  equivalent, 
•filter  slta  M  be  -used . 

Plintoernpli'c  .Seale  *  Successful  bidder  shall'  be.  at  loved-  to  vary  scale-,  hence -flight 
altitude,}  of  thu  net  in  1  photography,  Minimum  ;iea|e  shall  hi:  J.iiOO  feel  to  one- Inch, 
with  flight-  altitude  not  to  exceed  15,000  feet:  above  mpait  terrain.  The  flexibility 
fo-.underf  ly  low-  to  medium  nit  Icudocloud  cover In-nee  conduct  the.  aerln  l  .photography. 

•  In  one  mission  Is- t/ie  .prime  purpose  in  a t low! tig  a  flexible  piiotngr.lphlc  scale.  When 
possible,, ‘-tii’e  .2,000  feet  CO  one  inch  scnloshoulillu-  used.  Vai-iat  lonr.  In-f i  ight-- 
n  It  rtlidi’/piiotop.raoluc  scale  Slid  1 1  be  .numt.iied  In  the  written  statement  -.of"  flight 
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Kleyac  Ions  ,nf  each  piiol  at  flood  stage  (sue  Append  I  a*  A)  sli.i  1 1  be  used  as  mean  terra  In 
vlcvat  iohs.-fur  flight  line  planning  po  poses.  Usd  lap  and  sidelap  in  the  resultant 
imagery  muse  niece  the  following,  criteria  to  be  acceptable; 
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mav-be  less,  than. ,  1  T.  of  all  frame  pairs-  * 
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End  lap  or.  sidolap.of  less  chan  .titan  three  (3)  percent  on  any  frame  pair  may  be  cause 
for •rtJaetioVof  photography  of  pool  over  which  It  occurs.  Camera  shall ’  tio  of lepted  to 
flight  line  lh' such  a>  way  that  end  lap  Is.  observable.  along  adjacent’  edges  of  f  fame 
pairs'.-  Flight  lines, may  bo  laid  out  .for  operational  purposes  oh  any  suitable. itihp(s) , 
phot  Mosaic  (a)',  or  orclioplioto|',rr?h(s)',  and  shall  -be  labeled  as  to  sequence  In,  which  they. 
ver«<fldwn..  If  parallel  flight  lines  arc  required,  siich-cbvctagr  shall  bo  made  Immediate¬ 
ly  after  tha  l Inp  which  It  parallels,  .in  general,  flight  lines  shall- he  orU'hteil' Cor 
most  efficient . photography  Intcrm*  of  flight  lime  and  film  used'. 

Crab  -  Crab  In  excess  of  five  degrees  may  bo  cause  fur  rejection  of  the  photography  of  the 
pooh  ovsr  which 4t  occurs. 

Tilt  •«  Tilt  In-tV****  .of  five  degrees' on  any  exposuve  or  (n  excess  of  two  degrees 
(average):  (of  el  1  .imagery  may  tic  .cause  tor  reject  loih of'  the  photography  of  the  pool 
over  which  it ’pecur*. 

processing  of  Exposed  Film  -  The  .processing  shall  result*  in  Imagery  free  from  chemical 
and  other  stntnsf  containing,  normal,  and  uni  form  density,  and'  flup-g'ra  in. quality.  Re- 
^  fore,  during,  and* after  processing,  the  film  shall  nut  he  rolled  'tightly  on  drums  or 
spoolsor  iq >«hy  way  stretched,  distorted,  scratched,  or  marked,  and  shall  bo  free  from 

finger  mnrkii  dirt-  orbltml  sties-  uf  anv  kind. 
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jlasts  of  Favmont-  - 

Delivery  of  r.nd  Item*.  «•  Delivery  Address  of  required  rod  Uemr.  will  ho  Indie, •nod  on 
purchase  order,  payment  of  invoice  will  be  mad v  approx im.n oly  thirty  days  after 
acceptance  of  end  items. 

Acceptance  -  Acceptance  by  the  contracting  anchorite  will  be  given  hy  prof. 

Hoborc  11.  beeVvr,  Dept;,  of  Forestry,  and  ahull  ha  given  along  with  are*  exceptions, 
no  later  than  twenty  (201  days  after  receipt  of  all  *  quitvd  end  i t m?. .  Exceptions 
co  th;  acceptance  shill  bo  in  vr'tlag  and  adequately  justified,  Patient  withheld 
for  rejected  portions  of  the  delivered  imagery  will  he  based  on  the  differencial 
operational 'costs  incurred  bv  the  successful  bidder  on  the  principle  that  neither 
party  to  the  agreement  work  should  be  penalised. 
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APPENDIX  4.B 
Glossary  of  Terms 


axis  of  tilt:  •  the  axis  (Tine)  along  which  the  scale  on  a  tilted 
photography  equals  that  for  the  equivalent  vertical 
photograph. 

isocenter:  the  point  halfway  between  the  principal  poin  *  d 
nadir  point  through  which  the  axis  of  tilt  passes. 

nadir  point:  the  point  in  object  space  through  which  a  .  -real 
dropped  from  the  exposure  station  passes  (coincident  with 
principal  point  for  a  vertical  photon raph) 

object  space:  ground  space,  at  actual  scale,  fn  the  form  of 
'  a  Cartesian  coordinate  system. 

.principal  point:  the  point  of  intersection  of  the  fiducial 
axes,  eseentially  the  photographic  center  point. 
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REQUIREMENTS  .FOR- AERIAL  PHOTOGRAPHIC  INTERPRETATIVE  PROCESSING 

OVERVIEW.  OF  AERIAL  PHOTOGRAPHIC  INTERPRETATION 

Aerial  photographic  interpretation  process  can  be  described 
in  terms  of  two  procedural  steps.  One,  information  pertaining  to 
each  fliqht  line  is  encoded.  Second,  the  information  pertaining 
to  each  target  is  entered.  Both  of  these  data  entry  operations 
use  an  interactive  computer  based  data  encodinq  process. 

With  each  fliqht  line  information  on  such  factors  as  the 
weather  conditions  and  flying  height  are  entered  into  a  120  byte 
physical  record.  The  film  images  associated  with  that  particular 
flight  line  are  later  analyzed  with  a  zoom  stereoscope  for  recrea¬ 
tional  features.  The  target  (recreational  feature)  is  identified 
using  the  magnification  of  the  zoom  stereoscope,  its  location 
determined  usinq  the  Talos  digitizer,  and  its  special  attributes 
noted  (Photograph  5-1).  Then,  all  this  information  is  stored  as 
one  loqical  record  along  with  the  appropriate  f 1 i ah t  line  data  in 
a  four  part  loqical  record  within  a  file  on  a  magnetic  disk. 

The  distinctive  equipment  features  o?  the  aerial  photoqraphy 
processing  are  the  use  of  a  stand  alone  graphics  comnuter  terminal, 
and  the  zoom  stereoscope  mounted  over  the  digitizing  tablet.  The 
stand  alone  computer  terminal  allows  data  records  to  be  stored  on 
magnetic  disks  in  relatively  small  files.  The  cost  of  access  and 
risk  of  operation  shutdowns  caused  by  dependence  on  a  main  frame 
computer  are  reduced.  For  statistical  analysis  purposes  the  files 
are  all  merged  and  maintained  on  the  main  frame  system. 

The  zoom  stereoscope  is  mounted  over  the  digitizino  surface. 

As  the  film  to  be  analyzed  is  passed  in  view  of  the  zoom  stereo¬ 
scope,  the  location  of  the  feature  of  interest  (taroet)  can  be 
digitized.  Other  information  relevant  to  the  target  is  entered 
through  the  graphics  terminal  keyboard. 

Personnel 


Computer  Programming 

At  least  one  person  knowledgeable  with  data  entry  software 
should  be  included  in  the  interpretative  team.  The  computer  pro¬ 
grammer  should  have  a  B.S.  in  computer  programming  and  be  familiar 
with  digitizing  hardware  and  software,  standard  graphic  display 
terminals,  and  data  organization  techniques.  The  ability  to  train 
others  in  development  of  software  geared  to  data  entry  is  also  a 
desired  skill . 

Airphoto  Interpretation 

Airphoto  interpreters  should  have  a  combined  background  in 
resource  management  and  airphoto  interpretation.  Knowledge  of 


resource  management  is  necessary  to  understand  the  recreation  use 
patterns  and  issues  that  require  analysis.  Airphoto  interpreta¬ 
tion  training  is  necessary  to  know  how  to  interpret  the  imaaery 
to  obtain  the  desired  recreation  resource  information.  Traininq 
of  other  workers  would  be  a  primary’  responsibil ity  of  the  airphoto 
interpreter. 

Data  Encodinn 

Data  encoding  can  be  done  by  personnel  with  two  years  exper¬ 
ience  in  resource  management.  The  person  doing  the  airphoto 
interpretation  in  the  actual  analyses  of  film  would  handle-  a 
large  part  of  the  data  encoding.  The  primary  responsibility  of 
the  data  encoders  would  be  the  entry  of  the  fliciht  line  infor¬ 
mation. 

Equipment 


Dedicated  Microcomputer 

A  magnavox  Orion  graphics  terminal  (Photographs  5-2  and  5-3) 
is  the  recommended  terminal  to  use  for  data  entry.  It  is  a  stand 
alone  terminal.  This  means  software  development  for  data  entry 
programs  can  be  accomplished  with  the  terminal.  Data  entry  soft¬ 
ware  can  be  loaded  and  executed  by  microprocessor  in  the  terminal. 
This  means  that  a  main  frame  computer  need  not  be  accessed.  The 
site  at  which  the  data  entry  and  photo  interpretation  takes  place 
need  not  be  limited  by  the  accessibility  to  a  main  frame  computer. 

To  store  information  obtained  by  the  data  entry  and  diqttizinq 
software  and  hardware,  a  dual  disk  drive  is  used.  It  is  located 
adjacent  to  the  qraphics  terminal.  Software  for  the  operating 
system  and  data  entry  are  maintained  on  maonetic  disks  and  are 
loaded  into  the  buffer  of  the  terminal  throuqh  the  disk  drives. 

Digitizer 

The  digitizer  is  a  Talos  digitizer.  This  digitizer  was 
accurate  to  within  3/1000  of  an  inch.  The  cursor  used  should 
contain  a  keypad  so  that  data  can  be  entered  throuqh  the  cursor. 

The  digitizing  surface  should  be  elevated  to  table  heiqht,  so  that 
a  person  sitting  can  comfortably  operate  it.  The  Bausch  and  Lomb 
Air-Float  stool  allows  the  operator  to  adjust  the  sittino  height. 
This  is  helpful  in  alleviatinq  fatigue. 

The  recommended  cursor  (Photographs  5-4  and  5-5)  contains  the 
crosshairs  to  indicate  the  point  digitized  and  a  keyboard  to  encode 
alpha-numeric  information  to  the  data  entry  software. 
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Film  Viewinp  System 

The  film  viewing  system  consists  of  a  light  table,  a  clean, 
see-through  digitizing  surface,  a  zoom  stereoscope,  and  a  pair 
of  film  winders  (Photographs  5-4  and  5-5).  The  light  table  is 
positioned  underneath  the  surface  of  the  digitizing  tablet.  The 
digitizing  tablet  must  be  clear  enough  to  allow  light  to  pene¬ 
trate  through  and  illuminate  .the  film. 

The  magnification  apparatus  should  be  the  Bausch  and  Lomb 
stereoscope  with  mono  viewing  capability.  The  mono  head  should 
be  used  along  with  viewing  through  both  eye  pieces.  This  prevents 
eye  strain  as  both  eyes  are  being  used. 

The  film  is  wound  between  two  winders  (Photographs  5-6  and 
5-7).  These  winders  come  with  a  Richards  light  table.  They  slide 
on  a  bar  to  allow  different  film  sizes  to  be  mounted. 

A  roll  of  film  is  mounted  in  one  winder  and  the  free  end  of 
the  film  roll  taped  to  the, empty  spool  in  the  other  winder.  The 
film  is  v/ound  frame  by  frame  as  the  operator  scans  the  imagery 
for  targets.  The  operator  need  not  look  throuqh  the  stereoscope 
always  to  scan  the  frame  for  targets. 

The  recommended  magnification  device  is  the  Bausch  and  Lomb 
Zoom  Stereo  Viewer  (Photograph  5-6).  The  distinctive  features 
are  its  zoom  capability,  30x  magnification  capability,  and  the 
ability  to  look  at  a  single  image  using  both  eyes.  The  stereo 
viev/er  is  mounted  alonq  with  the  film  winders  to  an  H-shaped 
frame  (Photograph  5-6).  The  stereo  viewer  is  attached  to  this 
frame  by  means  of  an  adjustable  boom. 

Additional  Supplies 


Besides  the  main  pieces  of  hardware,  the  interpretation  team 
should  have  on  hand  the  following  equipment: 

1)  magnetic  storage  disks  -  as  a  rough  estimate  there  should 

be  at  least  two  magnetic  disks  per  flight  line. 

2)  US6S  quad  maps  -  a  complete  set  of  USGS  quad  maps  covering 

the  study  area  should  be  acquired. 

3)  mylar  sheets  -  matte  finish  mylar  sheets  18"  x  25"  in 

size  should  be  acquired  to  overlay  the  quad  maps. 

The  control  points  are  drawn  on  these  sheets.  Each 
quad  map  for  each  fliqht  line  should  have  a  mylar 
overlay  to  indicate  control  points. 
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4)  signal  dots  -  paper,  self-adhesive,  1/4"  stick  on  dots 

should  be  acquired  to  label  frames  of  film. 

5)  drawing/drafting  supplies  -  pencils,  masking  tape, 

.lead  sharpeners  must  be  on  hand  for  control  point 
labeling  and  general  labeling. 

6)  thin  sheet  plexiglass  -  a  10"  x  10"  piece  of  1/4"  thick 

plexiglass  should  be  acquired  to  put  over  the  film 
being  analyzed. 


Space 

The  space  required  is  a  room  40'  x  40'  in  size.  The  space 
should  be  quiet  and  free  from  distractions.  Capability  to  dim  the 
lights. is  desirable  to  allow  the  film  to  be  illuminated  better. 
There  should  be  adequate  storage  space  to  store  film,  maanetic 
disks,  quad  maps,  mylar  and  other  accessories  (Photoqraph  5-8). 

You  should  be  able  to  lock  the  room  to  provide  security  for  the 
hardware  and  the  film. 


INTERPRETATIVE  PROCESSING  OF  AERIAL  PHOTOGRAPHY 

Processing  of  aerial  photography  is  accomplished  by  an  inter¬ 
preter  using  the  equipment  depicted  in  Figure  5-1.  The  line  from 
the  R-S232  Dual  Interface  to  UNIVAC  1100/80  is  a  communications 
interface  used  after  the  completion  of  interpretation.  Data 
transmitted  to  the  UNIVAC  1100/80  is  accumulated  for  statistical 
analysis. 

The  interpretation  process  in  oeneral  proceeds  with  an  inter¬ 
preter  using  the  cursor  and  digitizer  to  locate  targets  on  film 
which  has  been  placed  on  the  digitizer  surface  for  examination 
through  the  zoom  stereoscope.  The  process  is  further  disciplined 
by  use  of  the  ORION  system.  During  the  process  the  interpreter 
interacts  with  software  developed  for  the  ORION  answerina  questions 
as  prompted  about  the  target  being  digitized.  The  diqitizer  is 
also  connected  to  the  ORION  and  the  XY  position  of  the  tarqet  is 
transmitted  to  the  ORION  software  which  stores  the  information  on 
disk  target  by  target.  In  this  way  a  very  complete  and  detailed 
machine  readable  data  base  is  created  eliminating  all  of  the  trans¬ 
cription,  codina  and  time  delays  associated  with  purely  manual 
approaches. 

The  software  developed  for  interpreting  and  all  other 
processing  aspects  are  described  in  Appendix  A  and  listings  are 
included  in  Book  8. 
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Data  Entry  and  Software  Development 

Handbook 

A  handbook  describing  the  procedures  used  in  operating  the 
interpretation  equipment,  the  rules  for  encoding  each  variable, 
and  interpretation  rules  to  follow  when  analyzing  the  imagery 
was  developed  before  any  image  analysis  began.  This  document  is 
located  at  the  end  of  the  report. 

Description  of  Records 

The  unit  of  analysis  is  the  target.  A  tarqet  is  a  feature 
of  interest  that  has  various  attributes.  For  example,  duckblinds 
and  various  boat  types  are  targets.  Their  location  in  the  river 
are  the  attributes  or  variables  of  the  tarqet.  For  each  target 
there  are  four  types  of  information: 

1)  Information  about  the  flight  line.  For  example, 
flying  height  and  weather  conditions. 

2)  Target  type  and  location. 

3)  The  ground  control  points  of  the  film  frame. 

4)  Properties  of  the  tarqet  such  as  movement  and 
•confidence  in  interpretation. 

This  information  is  all  contained  in  one  logical  record. 

Flight  Line  Information 

Flight  line  information  is  encoded  separately  from  the  target 
data.  Data  entry  softv/are,  called  the  ENTER  program,  is  used 
to  store  the  data  in  the  disk  file  called  FORT06.DAT.  The  ENTER 
program  (see  the  Handbook)  automatically  prints  messages  that  tell 
the  person  which  variable  should  be  encoded.  For  each  variable 
encoded  through  the  ENTER  pronram,  the  program  will  not  accept 
values  outside  of  the  range  that  is  specified  as  beino  unacceptable. 
Error  messages  are  printed  on  the  screen  and  the  person  encoding 
the  data  has  a  chance  to  encode  the  value  again  for  the  variable. 
This  feature  greatly  minimizes  encoding  errors.  See  the  Handbook 
for  a  list  of  the  flight  line  variables. 

The  LINK  variable  is  a  unique  identification  number  used  to 
associate  the  flight  line  data  with  the  appropriate  set  of  taraets 
within  a  particular  flight  line  on  a  roll  of  film. 
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Target  Information 

Targets  have  two  types  of  information  associated  with  them: 

1)  the  location  of  the  target,  and  2)  the  properties  of  the  target 
(apart  from  location).  To  obtain  the  location  of  the  tarqet  the 
interpreter  digitizes  the  location  of  the  tarqet  on  the  imagery;. 
This  locational  information  is  expressed  as  an  XY  coordinate,  with 
distances  from  the  origin  measured  in  inches.  The  origin  is  taken 
as  the  lower  left  corner  of  the  film. 

Properties  of  the  target  can  be  further  broken  down  into  two 
classes:  the  confidence  the  interpreter  has  in  determining  the 
type  of  target  it  is  and  a  varied  list  of  properties  of  the  target. 
After  the  interpreter  digitizes  the  location  and  identifies  the 
target,  the  interpreter  enters  information  about  the  confidence  of 
the  identification  of  the  target.  Three  levels  of  confidence  in 
the  interpretation  are  measured:  very  sure,  educated  guess,  and 
very  unsure.  This  data  is  encoded  under  the  CONF  variable.  If  the 
interpreter  indicated  the  identification  was  an  educated  quess  or  a 
very  unsure  one,  then  four  reasons  are  provided.  There  are  eiaht 
possible  reasons  for  problems  in  interpretation.  These  are  all 
described  in  the  Handbook. 

After  the  degree  of  uncertainty  has  been  entered,  the  inter¬ 
preter  then  enters  other  descriptive  information  about  the  target. 

Each  frame  of  film  can" have  several  targets.  All  frames  of 
film  within  a  single  flight  line  will  hav.e  the  exact  same  set  of 
flight  line  information.  All  the  targets  within  one  frame  will 
have  identical  ground  control  points.  The  set  of  flight  line 
information  and  the  ground  control  points  need  not  be  entered  into 
the  data  record  more  than  once.  The  appropriate  set  of  flight 
line  information  and  the  appropriate  set  of  qround  control  points 
are  automatically  written  into  the  disk  file  in  their  proper 
location. 

Before  the  targets  are  analyzed  on  the  film,  the  flight  line 
information  for  the  roll  of  film  being  analyzed  is  stored  in 
memory.  When  the  ground  control  points  for  a  frame  of  film  are 
first  digitized,  that  data  is  also  held  in  memory.  Target  infor¬ 
mation,  when-  encoded ,  is  written  to  the  memory  along  with  flight 
line  data  and  control  point  data.  If  another  target  in  the  same 
frame  is  the  next  point  to  be  digitized,  the  set  of  flight  line 
data  is  not  erased,  nor  is  the  control  point  information. 

When  a  new  frame  or  a  new  flight  line  is  interpreted,  the 
memory  locations  for  these  sets  of  information  must  be  changed 
appropriately. 
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:  -  Ground  Control  Points 

A  set  of  four  ground  control  points  are  selected  within 
each  frame.  The  latitude  and  longitude  of  these  points  can  be 
determined  from  the  USG'S  quad,  map.  Four  points  that,  can  be 
located  on  the  map  are  also  selected  from  the  imagery.  The 
location  of  these  points. are  marked  and  labeled  oh  a  mylar  sheet 
overlain  on  the  quad  map.  Steps  are  taken  to  register  , the  mylar 
sheet  to  the  quad  map  so*  the  ground  control  points  marked  on  the 
mylar  sheet  can  be  located  again.  The  four  points  are  also 
digitized  and  their  XY  coordinate  values  stored  in  the  target 
record  (physical  record  2).  For  a  more  complete  discussion, 
refer  to  the  variable  description  under  control  points  in  the 
Handbook. 

All  the  targets  within  the  same  frame  will  have  the  same 
identical  set  of  control  points.  Thus,  for  each  frame  they  are 
only  identified  once.  The  data  entry  software  will  automatically 
assign  this  set  of  control  points  to  every  target  digitized  with¬ 
in  the  frame.  When  the  operator  qoes  to  another  frame,  another 
set  of  control  points  must  be  identified  and  digitized. 

Writing  Records  Into  Storage 

For  each  target  record  there  are  four  physical  records 
(cards).  This  data  is  written  and  stored  on  a  macinetic  disk. 

A  conso1  with  the  two  disk  drives  is  connected  to  the  0RI0H 
terminal;  As  soon  as  a  disk  of  data  is  full  of  records  (31 
targets),  the  file  containing  the  target  records  is  copied  to 
two  backup  disks. 

Text  Editor 

Before  files  are  transferred  to  the  backup  disks,  any 
records  that  need  corrections  are  edited  with  the  program  titled 
EDIT60R7.COM  if  necessary.  This  operation  was  rarely  used  as  the 
interpreter  could  correct  records  while  encoding. 

An  interactive  text  editor  is  used  to  correct  any  mistakes 
in  the  data  records.  It  can  be  used  to  correct  errors  in  the 
flight  line  file  (FORT06.DAT)  or  in  the  target  record  file 
(FQRT07.DAT).  The  text  editor  is  designed  to  prevent  as  much  as 
possible  additional  mistakes  caused  by  the  record  correcting 
process.  The  operator  must  provide  to  the  edit  program  the 
exact  position  and  the  incorrect  characters  in  the  data  record. 
After  this,  is  done  properly  the  operator  can  provide  to  the  edit 
program  tne  correct  characters.  It  was  not  a  standard  practice 
to  scan  the  records  for  errors.  The  interpreter  usually  knew 
when  mistakes  were  made  during  the  encooing  process.  Thus, 
scanning  of  all  records  was  unnecessary. 


5-11 


Display  Propram 


A  program  that  displays  individual  flight  line  records, 

(1  physical  record)  and  target  records  (4  physical  records)'  was 
used.  Displaying  individual  records  is  important  for  three 
reasons:  1)  the  individual  records  can  be  scanned  for  correct¬ 
ness,  2)  the  display  capability  makes  sure  values  are  written 
in  the  proper  columns  within  the  record,  and  3)  locally  accessible 
information  retrieval  system  which ‘can  also  be  analyzed. 


Photograph  5-2.  Magnavox  Orion  Graphics  Terminal 


Photograph  5-3.  Magnavox  ORION  Graphics  Terminal 
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Figure  5-1.  Hardware  Configuration 
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APPENDIX  5.A\  ‘  ORION/TAL'OS  SOFTWARE 

This  appendix  contains  six  fiqures  of  the  functional  organi¬ 
zation  of  the  software  developed  to  support  .aerial  photograDhy 
processing  using  the  ORION  system  and  TALOS  digitizer  and  to 
transmit  collected  data  to  the  UNI VAC  1100/80;  system  for 
statistical  analysis.  It  also  includes  a  summary  description 
of  how  the  software/operator  interact  and  function.  Listings 
of  the  software  are  included  in  8ook  8.  Altogether  the 
software  represents  somewhat  less  than  2500  lines  of  source 
code  and  somewhat  less  than  270  hours  of  development  time. 

The  reader  is  cautioned  that  the  development  time  may  be  very 
much  understated  as  the -software  was  developed  by  very  exoerienced 
and  knowledgeable  staff. 

The  first  diagram  presented  depicts  the  software  used  to 
encode  flight  line  data  and  is  collectively  referred  to  as  the 
ENTER  program.  Second  is  BDIOITIZ,  which  is  the  name  for  the 
software  used  to  encode  data  about  the  targets.  ED60R7  is  the 
name  given  to  the  software  used  to  edit  known  errors.  The  two 
programs  QREAD  and  QREAD7  are  display  programs  for  the  flight  line 
and  target  data  bases.  They  can  quickly  retrieve  and  display 
information  collected  about  any  flight  or  any  target.  The  final 
figure  deoicts  the  software  used  to  transmit  data  to  the  UNI  VAC 
1100/80  from  the  ORION. 

In  Figure  5.A.1  the  main  software  module  ENTER  first  calls 
ORWFIL  to  open  or  re-open  the  Flight  Line  Data  Base  for  data 
enetry.  ENTER  then  proceeds  to  prompt  the  operator  as  to  which 
field  value  should  be  entered  next  and  what  values  are  legitimate. 

It  uses-  .I-V-T-Y.P.,.  ILTYP  and  ITYP  to  verify  that  a  legitimate  value 
for  the  field  has  been  entered.  In  this  program  and  in  general 
the  operator's  entry  is  validated  and  if  not  legitimate,  he  is 
requested  to  re-enter  a  correct  value. 

In  Figure  5. A. 2  BDIGITIZ  calls  FLINEM.  This  subroutine  retrieves 
data  from  the  Flight  Line  Data  Base  corresponding  to  the  film  roll 
currently  being  processed.  ORWFIL,  ITYP,  ILTYP  and  IVTYP  are 
used  as  in  the  ENTER  program.  CTPT  supervises  obtaining  the  con¬ 
trol  points  from  the  film  frame  so  that  the  data  may  later  be 
relocated  to  a  geo-reference  system.  BTPT  supervises  obtaininq 
the  XY  location  of  the  target  and  its  classification. 

The  main  module  in  Figure  5. A. 3,  ED60R7,  handles  operator 
interface  for-record  request  and  calls  ED128R  to  retrieve  it. 

ED60R7  requires  the  operator  to  know  the  old  contents  of  a  field 
as  well  as  its  location  before  allowinq  any  changes  to  be  made. 

Figures  5. A  4  and  5. A. 5,  respectively  deoict  the  software  for 
retrieving  and  displaying  records  from  the  Flight  Line  and  Target. 

Data  Bases.  The  various  DSPLY  modules  are  used  according  to  the 
different  record  portions  being  displayed. 
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Figure  5. A. 2.  BDIGITIZ  PROGRAM  (Target  Encoding) 
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Figure  5. A. 6.  SENOMS  (Data  Transfer) 
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APPENDIX  5.B.  DATA  TRANSFER  FROM  THE  ORION  STAND-ALONG  SYSTEM  TO 
THE  UNIVAC  11 00/80  SYSTEM 

During  the  data  canture  phase  of  the  watercraft  use  survey, 
coded  and  digitized  tarqet  data  was  stored  on  the  ORION  system 
floppy  disk  files  named  and  formatted  according  to  conventions 
described  in  the  accompanying  project  handbook.  The  policy  was 
to  perform  time-intensive  data  entry  and  editing  chores  in  the 
dedicated  off-line  environment  offered  by  the  ORION  stand-alone 
system. 

For  the  purpose  of  analyzing  large  data  sets  however,  the 
target  data  was  reformatted  to  80  column  card  i inane  format  and 
transferred  to  the  UNIVAC  1100/30  system  operated  by  the  Madison 
Academic  Computing  Center.  See  figure  5.1  of  the  report  for  a 
schematic  representation  of  this  combined  hardware  configuration. 

Establishing  card  image  data  transfer  between  the  two 
computers  had  required  the  implementation  of  ORION  software. 

This  software  was  adapted  in  order  to  transfer  the  Mississippi 
target  data.  SENDMS,  the  resulting  Droqram,  enabled  the  onerator 
to  set  uo  a  run  which  directed  the  transfer  of  any  or  all  tarqet 
data  files  from  an  ORION  system  floppy  disk.  Once  the  run  was 
initiated,  the  operator  was  free  to  perform  other  tasks  while 
casually  monitoring  the  progress  of  the  run.  If  an  error  or 
communication  failure  occurred,  the  operator  was  able  to  restart 
the  run  from  a  point  at  or  near  the  point  of  failure  and  recover 
completely. 

The  typical  data  disk  contained  16  files,  each  of  which 
contained  up  to  32  tarqet  cases.  For  each  disk  to  be  transferred, 
one  or  more  Data  Transfer  Logs  was  filled  out  (Fig.  5.P.1).  These 
logs  were  used  for  organizing  the  data  and  countinq  the  number  of 
cases  per  flight.  8ased  on  these  loqs,  a  run  file  for  each  data 
disk  was  created  on  a  master  disk.  These  files  were  used  to  set 
up  the  data  transfer  runs,  and  were  created  and  edited  inter¬ 
actively. 

The  sequence  of  operations  used  for  sending  a  file  is  as 
follows: 

1)  Create  a  run  file  on  the  master  data  transfer  disk 
for  the  data  disk  using  the  OR ION/CPM  file  editing 
processor, 

2}  Log  on  to  the  UNIVAC  system  using  standard  procedures, 
assign  the  output  file,  and  equate  it  to  USE  name 
"PF\ 

3)  Execute  the  SENDMS  program  on  the  master  disk  and 
load  the  run  file  for  the  data  disk  to  be  sent. 
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4)  When  the  message  "PAUSE  NEWDSK  -  "  appears  on  the 
terminal  screen  -  remove  the  master  disk  from  the 
disk  drive,  replace  it  with  the  data  disk,  and  enter 
a  return  at  the  keyboard. 

The  SENDMS  program  will  display  the  name  of  the  file  currently 
being  transferred  and  the  line  number  of  each  line  as  it  is 
transferred.  It  will  automatically  transfer  each  file  in  the 
run  file  list.  If  problems  arise  due  to  system  error  or  an  error 
in  specifying  the  run  file,  line  numbers  cease  to  be  orinted  and 
an  error  message  results.  The  ooerator  must  then  intervene, 
usually  by  creating  a  new  run  file  naming  only  those  files  not  yet 
transferred.  One  serious  type  of  error  that  can  occur  should  be 
mentioned.  This  error  occurs  when  the  UN  I VAC  output  file  is  not 
assigned  with  sufficient  mass  storage  space  in  which  to  store  the 
data.  Under  these  circumstances,  normal  SENDMS  operation  will 
continue  but  the  data  will  be  lost. 

See  Figure  5.B.2  for  a  flow  chart  of  SENDMS.  The  SENDMS  code 
is  listed  in  the  computer  printout  Binder  Book  8  filed  with  this 
report,  along  with  examples  of  raw  ORION  data,  UNIVAC  data  for¬ 
matted  for  SPSS,  and  a  run  file  example. 

Setting  up  a  disk  for  transfer  typically  required  about  15 
minutes.  The  actual  transfer  process  required  about  1  1/2  hours. 
There  was  an  average  of  one  abort  per  disk,  usually  caused  by 
a  communication  line  failure.  These  runs  were  restarted  to  com¬ 
plete  the  transfer. 

Transferring  the  entire  data  set  of  3673  cases  reouired 
16  3/4  hours.  This  is  an  average  of  16.4  seconds  per  case. 
Insurance  of  data  integrity  was  a  contributing  factor  to  data 
transfer  speed.  To  insure  data  integrity,  each  line  was  echoed 
back  to  the  ORION  immediately  after  being  transferred  to  the 
UNIVAC,  and  compared  character  for  character  against  the  original. 
This  precaution  cut  in  one-half  the  effective  data  transfer  rate. 


f 


An  Example  of  a  Data  Transfer  loo 
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APPENOIX  5.C.  MANAGEMENT  AND  USE  OF  THE  DATA  ON  THE  UNIVAC  1  TOO/80 
SYSTEM 

The  data  files  transferred  from  the  ORION  were  stored  as  ele¬ 
ments  in  a  single  UNIVAC  system  program  file.  After  transfer  was 
completed,  these  elements  were  aggregated  to  form  six  large  ele¬ 
ments,  one  for  each  of  the  six  flight  dates.  There  were  a  total 
of  3673  cases,  with  an  average  of  about  600  cases  per  flight. 

Each  case  required  five  80  column  card  images. 

Statistical  analysis  based  on  this  data  was  used  to  evaluate 
watercraft  use  patterns  and  the  methodoloay.  This  analysis  was  in 
the  form  of  frequency  tables  and  cross-tabulations  performed  using 
the  statistical  package  SPSS  {Statistical  Packaqe  for  the  Social 
Sciences  -  Version  8). 

All  computer  graphics  in  the  reoort  were  nroduced  with  the 
SHOW  processor,  an  interactive  qraphics  prooram  available  at  the 
Madison  Academic  Computing  Center.  The  bar  qraohs  and  line  graohs 
are  based  on  the  SPSS  statistical  output.  The  two-dimensional 
point  graphs  are  Dlots  of  the  actual  diaitized  target  coordinates. 
For  this  application,  UDH  (Unified  Data  Handler),  also  available 
at  the  Madison  Academic  Comouting  Center,  was  first  used  to  sort 
the  data  by  such  factors  as  target  type  and  activity  status. 


SECTION  6. 

AERIAL  PHOTOGRAPHIC  INTERPRETATION 


AERIAL  PHOTOGRAPHIC  INTERPRETATION  HANDBOOK 

The  handbook  includes  a  description  of  the  way  each  variable 
is  measured;  interpreted,  and  encoded.  The  variables  are  organized 
into  two  groups:  flight  line  variables  and  target  variables. 

Flight  line  variables'  are:  TEAMI,  POOL,  YEAR,  DATE,  DAYWK,  EVENTS, 
MINSTG,  FLDSTG,  UPSTG,  OWNSTG,  FLMLOT ,  FLMSEQ,  FILM,  NEXROL, 

HPRIME,  TILT,  ORIENT,  REVERS,  FOCAL,  ENOLAP,  CLOVAR,  CLOCOD  HAZE, 

TURB,  CLDCOV,  INCLEM,  FLINE,  NEXLIN,  FLAX,  FLSTRT,  DELTAT,  CRAB,  EXPOSR, 
and  LINK.  The  flight  line  variables  are  encoded  usino  the  ENTER 
nrogram.  The  tarqet  variables  include:  ROLSEO,  NOQUADS,  001, 

QD2,  Q03,  Q04.  CP1X,  CP1Y,  CP2X,  CP2Y,  CP3X ,  CP3Y,  CP4X,  CP4Y , 

TARGET,  TARCOX,  TARCOY,  BCHDEV,  BCHCOV,  SHORE,  NOBRGS,  DECOYS,  CHANEL, 
ACTIV,  MODUSE,  SKIERS,  and  DIRXTN.  Tarqet  variables  are  encoded  using 
the  BQIGITIZ  program.  The  use  of  both  the  ENTER  and  BDIGITIZ 
program  are  explained  on  the  following  cages. 


The  ENTER  Program 
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The  ENTER  program  is  used  to  encode  the  flight  line  data 
variables.  The  flight  line  variables  are:  TEAMI,  LINK,  POOL, 
YEAR,  DATE,  DAYWK,  EVENTS,  MINSTS,  FLDSTfi,  UPSTG,  DVJNSTfi ,  FLMLOT, 
FLMSEQ,  FILM,  NEXROL,  HPRIf'.:,  TILT,  ORIENT,  REVERS,  FOCAL,  ENDLAP, 
CLDVAR,  CLDCOD,  HAZE,  TURB,  CLDCOV,  INCLEM,  FLINE,  NEXLIN, 

FLAX,  FLSTRT,  DELTAT,  CRAB,  and  EXPOSR. 


Listed  below  is  the  set  of  steps  used  to  operate  the  ENTER 
program: 

1)  Turn  ORION  on.  Load  operating  system. 

2)  Insert  the  program  disk  into  disk  d'ive  A. 

3)  Insert  data  disk  into  disk  drive  B. 

4}  Check  film  log  book.  Make  sure  the  flight  lines  to 
be  encoded  have  been  numbered  with  a  unique,  three 
digit  link  number. 

5)  Key  ENTER. 

6)  Encode  values  for  variables  according  to  the  messages 
that  appear  on  the  terminal  screen. 

7)  After  a  flight  line  is  encoded,  the  ENTER  program  will 
■  prompt  the  encoder  to  either  stoo  the  encoding  session 

or  encode  another  flight  line. 

8)  When  all  of  the  flight  lines  for  one  session  have  been 
encoded,  the  ENTER  program  is  exited.  The  flight  line 
records  will  have  been  stored  in  a  file  named  FORT06.DAT. 
It  is  best  to  store  the  flight  line  records  in  a  series 
of  data  files.  The  ENTER  program  can  write  data  into 

a  file  names  FORT06.DAT.  Thus,  FORT06.DAT,  after  it  is 
full  (IOC  records),  must  be  changed  to  FORT06A.DAT.  This 
means  additional  flight  line  records  can  be  written  into 
an  irivty  FORT06.DAT  and  the  previously  encoded  flight 
line  records  exist  in  FORT06A.DAT. 

9)  When  targets  are  interpreted  and  their  information  is 
encoded,  the  file  containing  the  relevant  flight  line 
information  must  be  changed  from  FORT06A.DAT,  for 
example,  to  FORT05.DAT.  The  BDIGITIZE  program  can 
access  flight  line  data  in  a  file  named  FORT06.DAT. 


1.  The  file  name  syntax: 


2.  Initials  of  hardware  operator 
encoder,  if  more  than  one . 


3.  Alpha  prefix  (necessary  if  _ 

operator  initials  are  not  used) 

4.  Link  number  (constant  for  a  given  _ 

flight  line  and  given  orientation) 

5.  Alpha  suffix  (A-Z),  if  necessary 
(necessary  when  number  of  targets  in 
given  flight  line,  given  orientation, 
exceeds  32  in  number) 

6.  Indication  the  file  is  a  data  file  — 


KFF123B.DAT  (exoloded:  KF  F 

/t' 


T 


123  B. 


DAT) 

A 


11)  Each  file  of  target  records  is  backed  ud  on  data  disk  A 
and  data  disk  B.  The  file  name  is  changed  from  FORT06.DAT 
to  a  file  name  like  that  above  through  the  copy  pro¬ 
cessor  PIP  (Peripheral  Interchange  Processor).  After 
the  FORT07.DAT  has  been  copied  on  the  data  disk,  it 
can  be  erased  on  the  program  disk.  A  new  set  of  targets 
can  now  be  inserted  into  a  now  empty  FORT07.DAT. 


For  the  target  variables  described  in  the  handbook,  the 
BDIGITIZ  program  is  used  to  encode  information.  The  procedures 
for  using  the  BDIGITIZ  program  to  enter  ground  control  points, 
and  encode  target  information  are  discussed  below. 

1)  Turn  ORION  on. 

2)  Insert  program  disk  into  disk  drive  A. 

3)  Insert  data  disk  A  into  disk  drive  B. 

4)  Key  in  control  "C"  for  both  disk  drive  a  and  B. 

5)  Key  in  “5  x  7"  from  the  program  disk.  This  will  execute 
a  program  which  decreases  the  print  size. 

6)  Before  the  data  entry  can  begin  the  following  thincis 
must  be  done. 

A)  Film  must  be  prooerly  inserted  in  the  rollers. 

The  plexiqlass  cover  must  be  oositioned  over 
the  film. 

B)  The  zoom  stereoscope  must  be  adjusted  prooerly 
for  viewing. 

C)  The  liflht -source  for  the  digitizing  surface  must 
be  turned  on. 

D)  The  digitizing  control  unit  must  be  turned  on. 

The  cursor  must  be  attached  to  the  digitizing  control 
unit.  The  digitizing  control  unit  must  be  reset. 

E)  The  appropriate  quad  map  must  be  selected  and 
a  mylar  sheet  overlay  registered  to  it. 

7)  The  operator  enters  BDIGITIZ  on  the  keyboard. 

8)  The  operator  enters  the  link  number  (see  handbook)  of 
the  flight  line  being  interpreted.  This  will  call  up 
the  appropriate  flight  line  record  from  FORT06.DAT,  which 
will  be  programmatically  associated  with  the  target 

data  record. 

9)  As  the  messages  indicate  the  operator  encodes  values 
from  the  keyboard  or  digitizes  points  on  the  film  image 
with  the  cursor.  Refer  to  the  handbook  for  an  explana¬ 
tion  of  the  use  of  the  cursor  in  dioitizing  control 
points  and  targets. 

10)  The  BDIGITIZ  program  inserts  data  into  a  file  called 
FORT07.DAT.  This  file  can  hold  only  31  records  or 
targets.  When  31  targets  have  been  entered,  the  proaram 
must  be  exited.  The  contents  of  the  FORT07.DAT  program 
are  copied  into  a  file  on  data  disk  A  and  data  disk  B. 

This  file  is  named  according  to  a  set  of  rules  given  below. 


OPERATOR/OPERATOR  TEAM  NUMBER 

TEAMI 

File  Specification 

Field  width 

Card  No. 

Column  No. 

Original  file 

2 

1 

3-4 

SPSS  file 

2 

1 

20-21 

Possible  values: 

Andy  Morton  and  Ken  Foyil  01 
Andy  Morton  and  Lyonel  Wisnewski  02 
Ken  Foyil  and  Lyonel  Wisnewski  03 
Lyonel  Wisnewski  04 
Andy  Morton  05 
Ken  Foyil  06 


An  individual  or  a  two-person  team  performs  the  encodinci  of 
redundant  data.  Originally,  the  two-person  team  encoded  data, 
but  durinq  most  of  the  oroject  only  one  person  encoded  data  at 
each  data  entry  session.  Errors  in  encoding  were  discovered  to 
amount  to  less  than  1%.  Althouqh  reliability  miqht  be  improved 
slightly  using  the  two-person  (team)  concept,  that  must  be  weighed 
against  the  additional  (essentially  double)  man-hours  required  for 
encodinq.  The  same  concept  was  used  in  the  target  digitizing 
process.  Wnen  problems  with  control  point  digitization  were 
encountered,  a  99  value  was  encoded  in  TEAMI. 


POOL  NUMBER  IDENTIFICATION 


POOL 


Field  width  Card  No.  Column  No. 
2  1  5-6 

2  1  22-23' 

Possible  values:  11-22 

Null  values:  unknown  -8 

Pool  "i"  refers  to  that  river  segment  immediately  behind 
(upstream)  Lock  and  Dam  "i". 


DATE  OF  IMAGERY  -  YEAR 


YEAR 


Field  width  Card  No.  Column  No. 

2  1  7-8 

2  1  24-25 

Possible  values:  01-99 

Null  values:  unknown  -8 

This  variable  is  first  in  a  sequence  of  four  (see  also  DATE, 
DAYWK,  and  EVENTS)  used  to  characterize  the  date  the  imagery  was 
obtained. 


File  Specification 
Original  file 
SPSS  file 


'Jfft rS? 


-  iir>i^Maaaigffw->iM»-i  iiIMi  '  T^'t^,(.' 


DATE  OF  IMAGERY  -  SEQUENTIAL  DAY  OF  YEAR  DATE 

File  Specification  Field  width  Card  No. 

Original  file  3  1 

SPSS  file  3  1 

Possible  values:  001-366 

Null  values:  unknown  -08 

This  variable's  value  is  used  to  form  part  of  the  program  file 
element  name  for  the  SPSS  files.  See  also  YEAR,  DAYWK,  and  EVENTS. 


Column  No. 
9-11 
26-28 


DATE  OF  IMAGERY  -  DAY  OF  WEEK 


DAYWK 


Possible  values:  Monday  01 

Tuesday  02 

Wednesday  03 

Thursday  04 

Friday  05 

Saturday  06 

Sunday  07 


Null  values:  unknown  -8 


See  also  YEAR,  DATE,  and  EVENTS. 


DATE  OF  IMAGERY  -  COINCIDENCE  OF  SPECIAL  EVENTS 


EVENTS 


File  Specification  Field  width  Card  No. 


Column  No. 


Original  file  2 

SPSS  file  2 


1  14-15 

1  31-32 


Possible  values:  No  known  coincidence 

of  special  events  00 

Memorial  Day  week¬ 
end,  but  not 
Memorial  Day  01 

Memorial  Day 

(Holiday)  02 

July  4th  (Hoi i day)  03 

Labor  Day  weekend, 
but  not  Labor  Day  04 

Labor  Cay  (Holiday)  05 


Null  values:  unknown  -8' 


For  the  purposes  of  the  project,  only  the  above  listed 
special  events  were  aooroDriate,  but  ud  to  99  such  events  can  be 
enumerated.  This  variable  can  be  used  to  code  non-representative 
or  unusual  days  or  situations.  See  also  YEAR,  DATE,  and  DAYWK. 


POOL  STAGE  -  MINIMUM  WATER  SURFACE  ELEVATION 


MINSTG 


File  Specification 


Original  file 
SPSS  file 


Field  width 

Card.  No 

J— 

Column  No 

4 

1 

16-19 

4 

1 

33-36 

Possible  values:  (x  10)  in 

feet  above 

Pool 

11 

6030 

Pool 

12 

5920 

Pool 

13 

5830 

Pool 

14 

5720 

Pool 

15 

5572 

Pool 

16 

5435 

Pool 

17 

5360 

Pool 

18 

5280 

Pool 

19 

5182 

Pool 

20 

4755 

Pool 

21 

4700 

Pool 

22 

4595 

Null  values: 

unknown 

-008 

The  values  shown  above  represent  the  minimum  stage  multiplied 
by  a  factor  of  10,  so  that  the  variable  can  be  represented  as  an 
integer.  Stage  values  were  extracted  from  the  "Daily  Hydroloqical 
Bulletin,"  Rock  Island  District,  U.S.  Army  Corps  of  Enqineers.  This 
scaling  factor  is  carried  through  on  the  other  three  stage  variables: 
FLDSTG,  UPSTG,  and  DWNSTG.  Pool  stage  stratification,  through 
selective  use  of  the  four  river  stage  variables,  can  allow  examination 
of  seasonal  aspects,  related  to  pool  depth  and  discharge,  of  pool 
use. 


POOL  STAGE  -  FLOOD  STAGE  ELEVATION  UPSTREAM  END 


FLDSTG 


File  Specification  Field  width  Card  No. 


Column  No. 


Original  file 
SPSS  file 


4 

1 

20-23 

4 

1 

37-40 

Possible  values:  (x  10)  in 

feet  above  MSL 

Pool 

11 

6150 

Pool 

12 

6042 

Pool 

13 

5972 

Pool 

14 

5827 

Pool 

15 

5681 

Pool 

16 

5575 

Pool 

17 

5486 

Pool 

18 

5397 

Pool 

19 

5265 

Pool 

20 

4938 

Pool 

21 

4825 

Pool 

22 

4708 

Null  values: 

unknown 

-008 

The  values  shown  above  represent  the  flood  stage  elevations 
scaled  by  a  factor  of  ten.  Refer  to  narrative  for  MINSTG  for 
additional  discussion. 


POOL  STAGE  -  ACTUAL  SURFACE  ELEVATION  UPSTREAM  END 


UPSTfi 


File  Specification 

Field  width 

Card  No. 

Column  No. 

Original  file 

4 

1 

24-27 

SPSS  file 

4 

1 

41-44 

Possible  values:  (x  10) 

Value 

(min) 

in  feet  above  MSL 
Ranqe 

(max) 

Pool  11 

6030 

6270 

Pool  12 

5920 

6162 

Pool  13 

5830 

6092 

Pool  14 

5720 

5947 

Pool  15 

5572 

5801 

Pool  16 

5435 

5695 

Pool  17 

5360 

5606 

Pool  18 

5280 

5517 

Pool  19 

5182 

5385 

Pool  20 

4755 

5058 

Pool  21 

4700 

4945 

Pool  22 

4595 

4028 

Null  values: 

unknown  -008 

The  values  shown  above  represent  the  range  of  daily  river 
stage  at  the  upstream  end  of  the  indicated  pool  scaled  by  a  factor 
of  ten.  Note  that  the  value  range  is  the  same  as  for  the  variable 
DWNSTG,  with  the  constraint  that  UPSTG  DWNSTG  (actual  value)  for 
any  given  pool  on  a  given  day.  Refer  to  narrative  for  MINSTG  for 
additional  discussion. 


POOL  STAGE  -  ACTUAL  SURFACE  ELEVATION  DOWNSTREAM  END  DWNSTG 


File  Specification  Field  width  Card  No. 


Column  No. 


Original  file 


4 


29-32 


SPSS  file 


45-48 


Possible  values:  (x  10)  in  feet  above  MSL 


Value  Range 


(min) 

(max) 

Pool 

11 

6030 

6270 

Pool 

12 

5920 

■  6162 

Pool 

13 

5830 

6092 

Pool 

14 

5720 

5947 

Pool 

15 

5572 

5801 

Pool 

16 

5435 

5695 

Pool 

17 

5360 

5606 

Pool 

18 

5280 

5517 

Pool 

19 

5182 

5385 

Pool 

20 

4755 

5058 

Pool 

21 

4700 

4945 

Pool 

22 

4595 

4828 

Null 

values: 

Unknown  -008 

The  values  shown  above  represent  the  range  of  daily  river 
stage  at  the  upstream  end  of  the  indicated  pool  scaled  by  a  factor 
of  ten.  Note  that  the  range  of  values  is  the  same  as  for  the 
variable  UPSTG,  with  the  constrating  that  UPSTG  DWNSTG  (actual 
value  for  any  given  pool  on  a  given  day).  Refer  to  narrative  for 
MINSTG  for  additional  discussion. 


PROCESSED  FILM  ROLL  LOT  NUMBER 


FLMLOT 


File  Specification  Field  width  Card  No.  Column  No. 
Original  file  2  1  33-34 

SPSS  file  2  1  49-50 


Possible  values:  01-99 


Null  values:  not  applicable  -9 
unknown  -8 


For  the  purpose  of  this  project,  the  first  two  d'qits  of  the 
processing  laboratory's  control  number  were  coded  as  the  film  roll 
lot  number  (70mm  film  only).  The  last  three  digits  became  the  film 
roll  sequence  number  (see  FLMSEQ).  The  Fortran  compiler  for  the 
ORION  microcomputer  precluded  using  inteqer  values  qreater  than 
32,767  (i.e.,  215  -  1),  and  since  all  the  processing  lab's  control 
numbers  were  greater  than  that  value,  the  above  cited  strategy 
was  chosen.  An  alternative  strategy  (recommended  for  longer  tern 
operational  work)  is  to  use  the  last  two  digits  of  the  current  year 
(see  YEAR)  as  the  value  to  be  given  to  FLMLOT,  and  a  unioue,  locally 
managed  sequential  numbering  system  for  the  variable  FLMSEQ.  This 
should  be  done  instead  of  relyinq  on  the  processing  laboratory's 
numbering  system,  which  may  have  no  chronological  significance. 
FLMLOT  is  used  twice:  when  encoding  the  redundant  data  at  the 
terminal  and  again  when  accessing  and  retrieving  that  redundant 
data  record  during  the  target  digitizing  Drocess.  This  redundant 
data  record  access  and  retrieval  process  also  reouires  the  use  of 
three  other  variables,  LINK,  FLINE,  and  FLMSEQ.  It  is  imoortant 
that  the  combination  of  FLMLOT  and  FLMSEO  be  unique  for  each  roil 
of  film,  otherwise  the  redundant  data  record  access  and  retrieval 
becomes  ambiguous,  resultinq  in  improper  matching  of  redundant 
data  with  the  imaqery  being  internreted.  Since  the  9"  x  9" 
imagery  (one  large  roll)  was  received  with  no  processor  number 
attached  to  it,  the  FLMLOT  and  FLMSEQ  values  attached  to  it 
locally  were  01  and  001,  respectively. 


PROCESSED  FILM  ROLL  SEQUENCE  NUMBER 

FLMSEQ 

File  Specification 

Field  width 

Card  No. 

Column  No. 

Original  file 

3 

1 

35-37 

SPSS  file 

3 

1 

51-53 

Possible  values:  001-999 


Null  values:  unknown  -08 

not  applicable  -09 


For  the  purpose  of  this  project,  the  last  three  digits  of  the 
processing  lab's  control  number  were  coded  as  the  film  roll  sequence 
number,  the  first  two  ?s  the  film  roll  lot  number  (see  FLMLOT). 

For  discussion  of  this  numbering  strategy,  an  alternative  strategy, 
the  importance  of  a  unique  FLMLOT/FLMSEQ  combination,  and  use  of 
FIMSEQ  elsewhere,  refer  to  the  narrative  for  FLMLOT. 


FILM/FILTER  COMBINATION  USED 


A 


FILM 


File  Specification  Field  width  Card  Mo.  Column  No. 
Original  file  ■  2  1  38-39 

SPSS  file  2  1  54-55 


01 


02 


03 


Null  values:  unknown  -8 


The  values  cited  above  are  not  exhaustive,  but  were  the  only 
three  film  types  used  for  this  project.  The  field  width  allowed 
should  easily  accommodate  other  combinations  beyond  those  cited. 
The  variable  can  be  used  to  analyse  the  effects  of  film  tyoe  on 
the  ability  to  interpret  targets. 


Possible  values: 

70mm  x  15'  color  infrared  trans¬ 
parency  (Kodak  Type  2443)  with 
#12  yellow  filter 

70mm  x  15'  true-color  trans¬ 
parency  (Kodak  Type  2448)  with 
haze  filter 

9"  x  9"  color-infrared  trans¬ 
parency  with  #12  yellow  filter 


NUMBER  OF  EXPOSURES  IN  ROLL  OF  FILM  UNDER  EXAMINATION 


NEXROL 


File  Specification 
Original  file 
SPSS  file 


Field  width 
3 
3 


Card  No. 


Column  No. 
40-42 
56-58 


Possible  values:  001-070  (for  a  15'  roll  of 

70mm  film) 

001-999  (otherwise) 


Mull  values:  unknown  -08 


This  variable  indicates  the  actual  number  of  exposures  (at  the 
operational  flight  altitude),  exclusive  of  those  exposures  at  the 
leading  end  of  the  roll  required  to  attain  sdoo!  tension  for  film 
advancing  in  the  film  magazine,  and  those  at  the  trailing  end  of 
roll  taken  under  non-operational  (i.e.,  unplanned)  conditions,  for 
the  roll  of  film  under  examination.  In  the  case  of  the  15'  rolls 
of  70mm  film,  the  maximum  number  of  exposures  is  approximately  70. 
The  maximum  will  vary  with  the  type  of  film  and  maqazine/camera 
combina'tions  used.  The  3  character  field  width  should  accommodate 
practical  bulk  load  magazine  capacities.  NEXROL  is  used  as  the 
maximum  value  for  the  variables  NEXLIN  and  ROLSEQ.  Although  not 
incoroorated  into  the  existing  data  entry  software,  the  maximum 
value  can  be  adjusted  to  accommodate  film  with  a  greater  number  of 
exposures. 
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NOMINAL  FLIGHT  ALTITUDE  ABOVE  MEAN  TERRAIN  HPRIME 


File  Specif i cation  Field  width  Card  No.  Column  No. 

Original  file  5  1  45-49 

SPSS  file  5  1  59-63 


Possible  values:  00300-32767  (expressed  in 

feet) 


Null  values:  unknown  -B 


The  practical  upper  limit  for  9"  x  9"  aerial  photography  should 
be  well  below  32,667  feet  AMT  (32,767  being  the  maximum  integer 
value  useable  on  the  ORION).  It  could  vary  enough  so  that  the 
compiler  integer  value  limitation  is  used  as  the  uoper  limit  for 
the  variable.  300‘  AMT  was  felt  to  be  as  low  an  altitude  as  could 
be  flown  with  second-interval  (re:  DELTAT)  interval ometers  and 
wide  angle  lenses  for  70mm  format  film  and  minimal  endlap  (see 
FOCAL  and  ENDLAP).  This  variable  can  also  be  used  to  analyze  the 
effects  of  flight  altitude  on  the  interpretation  used  to  analyze 
various  targets. 


NOMINAL  ANGLE  OF  CAMERA  TILT 


TILT 


File  Specification 
Original  file 
SPSS  file 


Field  width 
2 
2 


Card  No. 


Column  No. 
50-51 
64-65 


Possible  values:  00-25  degrees 

(vertical  orientation  = 
00  degrees) 


Null  values:  unknown  -8 


Twenty-five  degrees  of  tilt  was  the  maximum  tilt  designed  into 
the  two-camera  mount 'for  the  project.  A  tilt  of  19  degrees  was  used 
for  all  oblique  aerial  photography,  since  that  was  the  maximum 
practical  angle  in  an  operational  configuration,  i.e.,  in  the  Cessna 
180  aircraft  rented.  Other  aircraft  with  varyinq  belly  hole  con¬ 
figurations  will  allow  varying  degrees  of  tilt,  but  25  degrees 
approaches  a  practical  maximum,  the  tilt  angle  is  a  necessary 
element  in  approximating  exterior  orientation  parameters  in  photo- 
grammetric  adjustments. 


CAMERA  ORIENTATION  TO  PLANNED  FLIGHT  LINE  VECTOR 


ORIENT 


File  Specification 
Original  file 
SPSS  file 


Field  width 


Card  No. 


Column  No. 
52-53 
66-67 


Ul 


Possible  values:  FLL  (flight  line 

left) 

FLR  (flight  line  02 
right) 


Null  values:  unknown  -8 

not  aDplicable  (vertical 
photography)  -9 


This  variable  is  aoplicable  only  to  two-camera  oblique  photo¬ 
graphy.  The  two  camera  oblique  system  requires  each  camera  to 
have  a  fixed  orientation  to  the  flight  line  (see  FLAX).  The 
orientation  is  termed  either  flight  line  left  (FLL)  or  flight 
line  right  (FLR),  as  viewed  from  above,  to  the  flight  line.  A 
value  of  -9  (not  applicable)  is  encoded  for  all  planned  vertical 
photography.  This  variable  can  also  be  used  to  distinguish  between 
exposures,  or  frames,  in  the  FLL  and  FLR  film  rolls  when  conducting 
cross-categorical  analyses,  including  targeting  reliability  tests. 
Even  when  flight  lines  are  flown  "backwards",  i.e.,  in  the  opposite 
direction,  from  that  originally  planned  (see  REVERS),  the  value 
for  ORIENT  remains  the  same  as  the  "planned"  orientation.  This 
contingency  is  reflected  in  the  value  for  the  variable  REVERS. 


REVERSAL  CONTINGENCY  IN  "AS  FLOWN" 


FLIGHT  LINE  DIRECTION  REVERS 


File  Soecification  Field  width 


Card  No.  Column  No. 


Original  file 


2 


5^-55 


SPSS  file 


2 


68-69 


Possible  values:  Normal  execution  GO 

as  planned 

Flight  line  flown  01 
in  reverse  seq¬ 
uence/direction 


Null  values:  unknown  -8 

not  applicable  (vertical 
ohotography)  -9 


As  a  contingency  measure,  this  variable  reflects  the  situa¬ 
tional  reversal  of  flight  direction  from  that  oriqinally  planned 
for  indicated  flight  lines.  This  allows  the  flexibility  to  con¬ 
tinue  a  flight  mission  with  only  one  camera  when  the  second  camera 
experiences  malfunction  or  breakdown,  and  no  backup  camera  is 
available.  It  should  be  noted  that  one  camera  orientation  (see 
ORIENT)  is  flown  in  the  planned  direction  and  its  companion 
orientation  is  flown  in  the  opposite  direction,  i.e.,  180°  greater 
or  less  than  that  planned  (see  FLAX).  It  should  also  be  noted 
that  under  this  contingency  condition  that  simultaneous  lateral 
exposures  (left  and  right)  along  the  fliqht  line,  the  normal  con¬ 
dition  for  two-camera  obliaue  photoqraphy,  is  Drecluded,  and  the 
possibility  of  multiple  targeting  of  moving  objects,  i.e.,  boats, 
is  very  likely  under  this  condition,  much  less  so  under  normal 
conditions.  Rolls  of  film  exposed  under  this  condition  must  be 
viewed,  i.e.,  set  up  for  targeting,  as  if  they  were  of  the  opnosite 
orientation  as  that  indicated  by  the  value  for  the  variable  ORIENT. 


CAMERA  LENS  FOCAL  LENGTH 


FOCAL 


File  Specification 
Original  file 
SPSS  file 


Field  width 
2 
2 


Card  No. 
1 
2 


Column  No. 
56-57 
20-21 


Possible  values:  f  - 

40mm 

01 

(70mm  format) 

f  = 

•i  inches 

02 

(9"x9"  format) 

Null  values:  unknown 

-8 

This  variable  is  necessary  in  photoqrammetric  adjustment 
computations  and  can  also  be  used  to  differentiate  between  dif¬ 
ferent  lens  focal  lengths  used  with  a  given  camera  format. 


NOMINAL  ENDLAP  (FORWARD  OVERLAP)  ALONG  FLIGHT  LINE 


ENDLAP 


File  Specification 

Field  width 

Card  No. 

Column  No 

Original  file 

2 

1 

58-59 

SPSS  file 

2 

2 

22-23 

Possible  values:  10-60  degrees 

Null  values: 

unknown  -8 

Maximum  endian  occurs  with  stereo  photography,  in  which  case 
the  nominal  endlap  is  usually  60  percent.  Minimum  endlap  for 
planning  purposes  with  any  film  format  or  flight  altitude  should 
be  10  percent.  Adverse  flight  conditions  such  as  siqnificant 
head  winds  or  tail  winds  can  result  in  widely  varying  qround  speeds 
and  consequent  gaps  in  areal  ground  coverage  with  minimal  endian, 
however.  Twenty  to  twenty-five  percent  was  an  effective  compro¬ 
mise  used  in  this  project's  missions  using  two-camera  oblique 
photography.  The  percent  endlap  is  expressed  along  the  flight  line. 


CLOUDINESS  VARIABILITY 


CLDVAR 


File  Specification 
Original  file 
SPSS  file 


Field  width 
2 
2 


Card  No. 
1 
2 


Column  No. 
60-61 
24-25 


Possible  values:  no  variability  00 

(constant) 

variability  evident  01 


Null  values:  unknown  -8 


The  cloudiness  variability,  along  with  the  dominant  and 
variant  cloud  conditions  (see  CLDCOD  and  CLDCOV)  serve  to  identify 
whether  or  not  there  is  a  significant  enough  difference  in  cloudi¬ 
ness  over  a  given  fliqht  area  to  cause  degradation  of  image 
quality  (exposure)  occasionally.  The  value  for  CLDCOV  must  be 
-9  (not  applicable)  if  the  value  for  CLDVAR  is  00.  Likewise,  if 
CLDVAR  is  coded  01,  then  there  must  be  a  value  in  the  range  of 
01  to  07  for  CLDCOV,  not  equal  to  that  for  CLDCOD. 


CLOUDINESS  CONDITION  -  DOMINANT 


CLDCOD 


File  Specification  Field  width 
Original  file  2 

SPSS  file  2 


Card  No,  Column  No. 

1  62-63 

2  26-27 


Possible  values:  Clear  01 

High  scattered  02 

Low  scattered  03 

High  broken  04 

Low  broken  05 

High  overcast  06 

Low  overcast  07 


Null  values:  unknown  -8 


This  variable  represents  the  cloudiness  condition  for  which 
the  camera  exposure  was  set,  for  either  constant  or  variable  con¬ 
ditions.  If  recorded,  there  is  always  a  value  for  this  variable, 
regardless  of  variability  of  cloudiness.  However,  when  CLDVAR  = 

01,  then  CLDCOD  must  not  equal  CLDCOV.  The  distinction  between 
"high"  and  "low"  cloud  basis  is  visual  and  is  expressed  in  terms 
relative  to  the  flight  altitude,  "low"  being  either  below,  at  or 
immediately  above  the  flight  altitude,  and  "high"  beinq  sufficiently 
high  enough  above  the  flight  altitude  so  as  to  oreclude  the  oossi- 
bility  of  flying  throuqh  the  cloud  cover.  A  low  cloud  basis  does 
not  necessarily  imoly  that  clouds  will  be  Dresent  in  the  imaoerv. 
Scattered  clouds  represent  approximately  ten  percent  or  less  cloud 
cover,  as  measured  by  observing  cloud  shadows  on  the  ground  in  the 
flight  area.  Overcast  is  essentially  100  Der  cent  cloud  cover, 
and  broken  clouds  represent  the  ranae  between  scattered  and  over¬ 
cast. 
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CLOUDINESS  CONDITION  -  VARIANT 


CLDCOV 


File  Specification 
Original  file 
SPSS  file 


Field  width 


2 

2 


Possible  values: 


Ca^d  No.  Column  No. 


1 

64-65 

2 

28-29 

Clear 

01 

High  scattered 

02 

Low  scattered 

03 

High  broken 

04 

Low  broken 

05 

High  overcast 

06 

Low  overcast 

07 

Null  values:  unknown  -8 

not  aDDlicable  (no  cloud 
variability)  -9 


This  variable  represents  the  cloudiness  condition  which  in  the 
opinion  of  the  photographer  was  felt  to  be  the  variant  condition, 
for  which  exposure  was  not  set  (see  CLDCOD).  If  CLDVAR  equals  00, 
CLDCOV  must  equal  -9  (not  applicable).  If  CLDVAR  equals  01, 
then  CLDCOV  must  take  on  a  value  in  the  ranqe  of  01  to  07,  not 
equal  to  that  for  CLDCOD.  Definition  of  terms  (values)  is 
identical  to  that  for  CLDCOD. 


DEGREE  OF  HAZINESS 


HAZE 


File  Specification 
Original  file 
SPSS  file 


Field  width 
2 
2 


Card  No. 
1 
2 


Column  No. 
66-67 
30-31 


Possible  values:  slightly  hazy  01 
moderately  hazy  02 
extremely  hazy  03 


Mull  value::  unknown  -8 


In  an  aerial  photographic  context,  there  will  always  be  at 
least  a  slight  degree  of  haze  (observed  horizontally) .  Thus,  there 
is  not  a  "clear"  value  associated  with  this  variable.  The  Drimary 
purpose  of  this  variable  is  to  indicate  the  difficulty  in  s;ghtinq 
along  flight  lines  for  the  pilot.  The  possible  values  are  defined 
as  follows: 

slightly  hazy:  at  least  five  miles  horizontal  visibility  and 
relative  ease  in  sightinq  along  flight  lines. 

moderately  hazy:  less  than  five  miles  horizontal  visibility 
but  no  oreat  difficulty  in  sighting  along 
flight  lines. 

extremely  hazy:  very  limited  horizontal  visibility  and  great 
difficulty  in  sightinq  along  flight  lines. 


OEGREE  OF  TURBULENCE  IN  FLIGHT 


TURB 


File  Specification  Field  width  Card  No.  Column  Mo. 
Original  file  2  1  68-69 

SPSS  file  2  2  32-33 


Possible  values:  Light  or  no  turbulence  01 
Moderate  turbulence  02 
Severe  turbulence  03 


Null  values:  unknown  -8 


This  variable  is  intended  to  indicate  the  likelihood  of 
exposures  with  signficantly  different  tilt  than  planned  due  to  tur¬ 
bulent  tossing  of  the  aircraft.  The  possible  values  are  defined 
as  follows: 

Light  or  no  turbulence:  that  condition  in  which  the  turbulence, 
if  any,  is  too  seldom  encountered  to  be  of  any  consequence  in  main¬ 
taining  aircraft  attitude. 

Moderate  turbulence:  that  condition  in  which  the  turbulence, 
when  encountered,  i;  frequent  enough  to  cause  frequent  deviations  in 
aircraft  attitude,  out  does  not  significantly  imoair  working  con¬ 
ditions. 

Severe  turbulence:  that  condition  in  which  the  turbulence  is 
almost  constant,  and  of  such  magnitude  as  to  make  working  conditions 
extremely  difficult,  if  not  intolerable,  because  of  almost  constant 
deviation  in  aircraft  attitude. 


FLINE 


FLIGHT  LINE  NUMBER 


Column  No. 
93-94 
36-37 

Null  values:  unknown  -S 


File  Specification 
Original  file 
SPSS  file 


Field  width  Card  No. 

2  1 

2  2 


Possible  values:  01-99 


This  variable,  for  a  given  camera  orientation  (FLL  or  FLR, 
see  ORIENT)  provides  sequential  flight  line  numbers.  However, 
since  two  cameras  are  used  in  the  oblique  photography,  FLINE  in 
and  of  itself  does  not  provide  a  unique  numberinq  system  for 
redundant  data  record  entry,  access,  and  retrieval,  hence  the 
incorporation  of  the  redundant  data  record  link  number  (see  LINK). 
FLINE,  along  with  LINK,  FLMLOT  and  FLMSEQ,  is  used  in  the  redundant 

data  record  access  and  retrieval  in  the  tarqet  digitizing  process. 

<  * 


NUMBER  OF  EXPOSURES  IN  FLIGHT  LINE  UNDER  EXAMINATION 


NEXLIN 


File  Specification  Field  width  Card  No.  Column  No. 
Original  file  3  1  74-76 

SPSS  file  '  3  2  38-40 

Possible  values:  001-999  and  NEXLIN  must  be 

less  than  or  equal  to 
NEXROL 

Null  values:  unknown  -8 


This  variable  represents  the  number  of  exposures  within  the 
flight  line  (see  FLINE)  under  examination.  Two  constraints  are 
observed:  NEXLIN  must  be  less  than  or  equal  to  NEXROL,  and  during 
the  target  digitizing  orocess,  the  maximum  number  of  values  for 
the  variable  ROLSEQ,  for  a  given  flight  line  record  (see  LINK) 
equals  NEXLIN. 


FLAX 


PLANNED  FLIGHT  LINE  BEARING'  (HEADING) 


File  Specification 
Original  file 
SPSS  file 


Field  width  Card  No. 

3  1 

3  2  ' 


Column  No. 
77-79 
41-43 


Possible  values:  000-359  (expressed  in 

degrees) 


Null  values:  unknown  -08 


Flight  line  bearing  is  measured  in  degrees  clockwise  from  true 
north  and  is  extracted  from  the  photographic  flight  map.  The  value 
is  used  in  first  aonro <i mati o:i  of  exterior  orientation  parameters 
in  photogrammetric  adjustment  computations. 


FLIGHT  LINE  START  TIME  (MILITARY/INTERNATIONAL  SYSTEM) 


FLSTRT 


File  Specification  Field  width  Card  No,  Column  No. 
Original  file  4  1  80-83 

SPSS  file  4  2  44-47 


Possible  values:  0700-1900 


Null  values:  unknown  -008 


Flight  line  start  time  is  expressed  in  terms  of  the  military 
system.  The  limits  indicated  encomoass  .what  is  felt  to  be  times 
of  day  before  which  and  after  which  the  sun  angle  in  midsummer 
(in  the  continental  US  northern  tier  of  states)  would  be  too  low 
for  reasonable  aerial  photography.  It  serves ^as  an  indication  of 
the  time  of  day  during  which  the  aerial  photography  was  taken  and 
can  be  used  to  analyze  the  impact  of  time  of  day  on  river  use. 


INTERVALOMETER  TIME  INTERVAL  BETWEEN  EXPOSURES 


DELTAT 


File  Specification 
Original  file 
SPSS  file 


Field  width  Card  No. 

3  1 

3  2 


Column  No. 
84-86 
48-50 


Possible  values:  001-999  (expressed  in 

seconds) 


Null  values:  unknown  -08 


Time  interval  is  expressed  in  seconds  and  can  be  exDected  to 
differ  from  one  flight  line  to  another  in  a  given  dooI  flight, 
especially  if  there  are  strong  headwinds/tailwinds  in  which  addi¬ 
tional  compensation  for  change  in  ground  speed  is  required  to 
maintain  the  planned  endlap  (see  ENDLAP).  It  should  be  noted 
that  some  interval ometers  have  a  capacity  for  intervals  not 
exceeding  99  seconds.  The  above  range  should  encompass  all  inter¬ 
val  ometers. 


SWISS 


DEGREE  OF  CRAB  CORRECTION  IN  FLIGHT 


CRAB 


File  Specification  Field  width  Card  No.  Column  No. 
Original  file  3  1  87-89 

SPSS  file  3  2  51-53 


Possible  values:  -20  -  020  (expressed  in 

dearees) 


Null  values:  unknown  -88 


Crab  is  the  condition  arisinq  when  the  camera  mount  is  not 
aligned  "true"  to  the  actual  (effective)  direction  of  flight, 
noticeable  usually  when  flying  in  a  crosswind.  Negative  values 
indicate  a  counterclockwise  compensating  rotation  of  the  camera 
mount,  positive  values  a  clockwise  rotation,  expressed  in  degrees. 
It  should  be  noted  that  the  unknown  (null)  value  must  be  -88  (as 
opposed  to  -08)  to  be  outside  the  range  of  possible  values. 


CAMERA  EFFECTIVE  EXPOSURE  INDEX 


EXPOSR 


File  Specification  Field  width 


Card  No.  Column  No. 


Original  file 
SPSS  file 


3  1  90-92 

3  2  54-56 


Possible  values:  ^by  sets  of  eauivalent 

exposures) 

1/125  0  f4  110 

1/125  ?  f4. 7  115 

1/250  @  f 4 ,  1/125  0  f5.6  120 

1/250  0  fd.7,  1/125  0  f 6 . 6  125 

1/500  @  f4,  1/250  0  f5. 6,  1/125  0  f8  130 

1/500  0  f4. 7,  1/250  0  f 6 . 6 ,  1/125  0  f 9 . 3  135 

1/500  @  f5.6,  1/250  0  f8,  1/125  0  f 1 6  140 

1/500  0  f6.6,  1/250  0  f9. 3 ,  1/125  0  fl 3.2  145 

1.500  @  f3,  1/250  0  fl 1 , .1/125  0  fl 6  150 


Null  values:  unknown  -08 


This  index  is  aopli cable  to  the  use  of  the  Hasselblad  7npim  camera 
system,  but  "*s  adaotable  to  other  systems.  T'ne  actual  index  *i$ 
scaled  by  a  .actor  of  ten  to  obtain  the  above  integer  values. 

The  f-stop/shutter  speed  combination  can  be  varied  to  accommo¬ 
date  varying  light  conditions.  Different  settings  are,  in  effect, 
equivalent  in  terms  of  total  exposure.  This  index  is  a  single 
value  representing  a  set  of  equivalent  settings.  The  index  is 
that  used  with  the  Hasselblad  70mm  EL/M  500  camera,  Distagon  40mm 
lens  system  with  which  the  70mm  photoqraphy  was  shot.  An  increase 
of  one  unit  in  the  index  (difference  of  ten  ii  the  scaled  values) 
represents  a  two-fold  reduction  in  total  exposure  (needed  as  the 
illumination  intensity  increases).  Since  the  system  increments 
this  index  in  half-units  (a  result  of  half  f-stop  chanqes),  the 
possible  values  are  also  incremented  in  half-units,  as  scaled  by  a 
factor  of  ten. 


REDUNDANT  DATA  RECORD  LINK  NUMBER/DATA  FILE  NAME 


LINK 


File  Specification 
Original  file 
SPSS  file 


Field  width 
3 

N/A 


Card  No. 
4 

N/A 


Column  No. 
65-67 
N/A 


Possible  values:  001  -  999 


Null  values:  N/A 


This  variable  provides  a  unique  value  by  which  the  redundant 
flight  line  data  records  can  be  stored,  accessed,  and  retrieved  for 
redundant  encoding  of  target  records.  The  link  number  is  not  a 
variable  of  statistical  interest,  since  its  nuroose  is  the  unique 
identification  of  inherently  non*uninue  flight  line  numbers  (see 
also  FLINE  and  ORIENT)  ./hen  oblioue  Dhotogranhy  is  involved.  Hence, 
it  does  not  appear  as  a  variable  in  the  SPSS  data  files.  However, 
because  of  its  uniqueness,  it  is  used  to  label,  i.e.,  name,  the 
original  data  files.  Rules  for  these  file  names  are  as  follows: 


1. 

2. 


Tfie  file  name- syntax:  KFF123B  (exploded:  KF  %  F 

'T'  4* 


Initials  of  hardware  operator 
encoder,  if  more  than  one.  — 


123  B  ) 

/f*  /S 


3.  Aloha  prefix  ('necessary  if 
operator  initials  are  not 
used)  - 


4.  Link  number  (constant  for  a  given 
flight  line  and  given  orientation) 


5.  Aloha  suffix  (A-Z),  if  necessary 
(necessary  when  number  of  targets  in 
given  flight  line,  given  orientation, 
exceeds  32  in  number)  - 


The  link  number  is  used  twice:  when  encoding  the  redundant  data  at 
the  terminal  and  aqain  when  accessing  and  retrieving  that  redundant 
data  record  during  the  tarqet  digitizing  process.  This  redundant 
data  record  access  and  retrieval  process  also  requires  the  use  of 
two  other  variables,  FLMLOT  and  FLMSEQ,  in  addition  to  LINK. 


PHOTOGRAPHIC  FRAME  SEQUENCE  IN  ROLL 

ROLSEQ 

File  Specification 

Field  width 

Card  No. 

Column  No. 

Original  file 

3 

4 

8-10 

SPSS  file 

3 

2 

57-59 

Possible  values 

:  001-999 

Null  values:  unknown  -08 


In  each  roll  of  film,  the  first  frame  and  every  fifth  frame 
have  been  numbered.  So,  the  first  frame  is  frame  number  "1",  the 
fifth  frame  is  number  "5",  the  tenth  frame  is  number  "10",  etc. 

It  is  left  for  the  film  interoreter  to  determine  the  frame  number 
of  those  frames  between  labeled  (numbered)  frames.  The  white,  cir¬ 
cular  frame  number  label  is  affixed  on  the  frame  border  on  either 
the  top  or  the  bottom  o^  the  frame. 

The  frames  are  labeled  consecutively  throuqh  the  entire  roll 
of  film,  irrespective  of  the  fliqht  lines  that  occur  within  a 
film  roll.  Numbering  the  frames  within*each  flight  line  v/as  con¬ 
sidered.  This  idea  was  discarded  because  this  would  make  the 
numbering  of  the  frames  too  complex  and  does  not  make  finding  a 
frame  within  a  roll  of  film  any  easier. 

There  should  be  no  consistency  in  the  area  covered  by  a 
specific  frame  number  between  fliqhts,  even  though  they  are  within 
the  same  fliqht  line.  This  is  because  the  area  covered  by  the 
frame  will  vary  between  fliqhts. 


NOQUADS 

TOTAL  NUMBER  OF  QUADS  COVERED  BY  PHOTO  FRAME  UNDER  EXAMINATION 


File  Specification  Field  width  Card  No.  Column  No. 
Original  file  2  4  14-15 

SPSS  file  2  4  20-21 


Possible  values:  01-04 


Null  values:  Not  applicable  -9 


A  frame  can  cover  up  to  4  quads  or  be  contained  entirely 
within  one  quad.  That  is  why  four  quad  number  variable  are  pre¬ 
sent.  The  number  of  quads  value  encoded  for  this  variable  should 
correspond  to  the  number  of  times  a  quad  number  is  entered  for  the 
quad  number  variables  (Q01,  QD2,  Q3,  QD4). 

Topographic  and  orthonhoto  ouad  maos  are  used  to  (1)  associate 
ground  coordinates  with  points  identified  on  the  film,  (2)  oro- 
vide  a  rough  estimate  of  the  area  covered  by  a  flight  line.  The 
method  of  locatinq  ground  control  po.ints  on  the  imagery  and  quad 
maps  will  be  discussed  in  greater  detail  under  the  description  of 
digitizing  control  points. 

There  are  53  topographic  and  orthographic  quad  maps  coverinq 
the  study  area.  The  quad  maps  have  been  arbitrarily  numbered.  A 
number  was  used  to  identify  the  map  to  cut  down  on  the  space 
needed  to  store  the  identifying  information  in  a  digital  file. 

The  lowest  number  applies  to  the  most  northern  part  of  the  study 
area  and  the  highest  number  applies  to  the  downstream  portion  of 
the  study  area. 


PHOTOGRAPHIC  FRAME  AREAL  COVERAGE  -  FIRST  QUAD  NUMBER 


QD1 


File  Specification 
Original  file 
SPSS  file 


Field  width  Card  No. 

2  4 

2  4 


Column  No. 
16-17 
‘ 22-23 


Possible  values:  '  01-53 

I 


Null  values:  Mot  aDolicable  -9 


This  variable  is  one  of  four  quad  numbers  that  could  be  imaoed, 
within  one  frame  of  film.  The  number  encoded  is  located  at  the 
lower  right  hand  corner  of  each  map.  In  general  (for  the  set  of 
variables  QD1 ,  QD2,  Q03,  Q04)  ,  the  values  must  be  mutually  noa-enual , 
i.e.,  QD1  f  QD2  t  QD3  f  QO^1,  unless  the  -9  (not  aDolicable)  value 
is  encoded.  QD1  may  never  equal  -9,  since  at  least  one  quad  is 
always  necessary  when  establishing  ground  control. 


PHOTOGRAPHIC  FRAME  AREAL  COVERAGE  -  SECOND  QUAD  NUMBER 


QD2 


File  Specification 
Original  file 
SPSS  file 


Field  width 


n 

L 


2 


Card  No. 
4 
4 


Column  No. 
18-19 
24-25 


Possible  values:  01-53 


Mull  values:  Not  applicable  -9 


This  variable  is  one  of  four  possible  quad  numbers  that  could 
be  included  within  one  frame  of  film.  The  number  encoded  is 
located  at  the  lower  right  hand  corner  of  each  maD.  See  also 
QD1 . 


PHOTOGRAPHIC  FRAME  AREAL  COVERAGE  -  THIRD  QUAD  NUMBER 


QD3 


File  Specification 
Original  file 
SPSS  file 


Field  width  Card  No. 
2  '  4 

2  4 


Column  No. 
20-21 
26-27 


Possible  values:  01-53 

Null  values:  Not  applicable  -9 


This  variable  is  one  of  four  possible  Quad  numbers  that  could 
be  included  within  one  frame  of  film.  The  number  encoded  is 
located  at  the  lower  right  hand  corner  of  each  map.  See  also  QD1 . 


PHOTOGRAPHIC  FRAME  AREAL  COVERAGE  -  FOURTH  QUAD  NUMBER 


Q04 


File  Specification 
Original  file 
SPSS  file 


Field  width  Card  No. 

2  4 

2  4 


Column  No. 
22-23 
28-29 


Possible  values:  01-53 


Null  values:  Not  applicable  -9 


This  variable  is  one  of  four  possible  quad  numbers  that  could 
be  included  within  one  frame  of  film.  The  number  encoded  is 
located  at  the  lower  right  hand  corner  of  each  map.  See  also  QD1 . 


THE  X  VALUE  FOR  CONTROL 

POINT  1 

-  CPI  X 

File  Specification 

Field  width 

Card  No. 

Column  No. 

Original  file 

12 

3 

3-14 

SPSS  file 

12 

4 

30-41 

Possible  values:  All  values  must  be  positive 
numbers,  measured  in  inches.  Values 
greater  than  the  width  of  the  film 
image  will  not  be  accented  by  the 
BDIGITIZ  program. 


Ground  control  points  are  fixed  Doints  which  reference  boat 
locations  to  latitude  and  longitude.  Due  to  the  oblique  nature  of 
the  photography,  the  film  has  a  distorted  system  of  coordinates. 

This  distortion  in  the  film  will  be  adjusted  to  conform  with  the 
coordinate  system  of  the  USGS  toDograDhic  map  through  the  use  of 
ground  control  points  that  are  the  same  on  the  map  and  film.  The 
ground  control  points  should  be  stable.  This  is  not  always  possible 
and  occasionally  relatively  unstable  features  must  be  used.  The 
most  important  thing  to  do  is  to  locate  ground  control  points  on 
the  film  which  car  be  clearly  and  easily  located  on  the  USGS 
topographic  maD.  The  ground  control  ooint  selected  on  the  film 
must  be  the  same  as  the  one  on  the  map. 

Each  ground  control  ooint  has  two  values  associated  with  it: 

1)  the  X  value  of  the  control  point  (i.e.,  CP1X) 

2)  the.Y  value  of  the  control  point  (i.e.,  CPI Y ) 

In  the  original  data  file,  in  the  column  before  the  control 
point  value,  is  a  control  noint  number  (i.e.,  control  noint  one, 
has  a  control  point  number  1  in  this  column).  This  value  has  been 
dropped  from  use.  It  is  not  included  in  the  file  specification 
above. 

To  enter  control  points  into  the  data  record,  the  following 
general  steps  are  followed: 

1)  Rotate  and  translate  the  digitizer  tablet. 

2)  Select  control  points  that  are  identifiable  on  the  imagery 
and  quad  map. 

3)  Mark  and  label  control  ooints  on  the  map. 

4)  Digitize  the  control  points. 

Each  of  these  steps  will  be  explained  below. 

1)  Rotate  and  translate  digitizing  tablet 

A)  Place  the  cursor  in  the  center  of  the  rotate  block.  Depress 
the  "1"  key  on  the  cursor  keyboard. 


B)  Place  the  cursor  at  the  lower-left  corner  of  the  frame  of 
the  film  to  be  analyzed,  depress  the  "1"  key  on  the  tablet. 

C)  Place  the  cursor  at  the  lower  right-hand  corner  of  the 
frame  of  film  to  be  analyzed,  depress  the  "1"  key  on  the 
tablet. 

D)  Place  the  cursor  in  the  middle  of  the  translate  block, 

ths  11 1 11  key. 

E)  Place  the  cursor  at  the  "0"  block,  depress  the  "1"  key, 
then  place  the  cursor  on  the  CR  block,  deoress  the  "1" 
key.  Repeat  this  process.  You  have  soecified  the  origin 
to  be  0,0. 

F)  Assign  the  0,  0  point  (the  oriqin)  to  be  the  lower  left 
corner  of  the  frame.  Oo  this  by  placing  the  crosshairs 

of  the  cursor  over  the  lower  left  hand  corner  of  the  frame 
and  depressing  the  "1"  key,  if  the  film  is  70mm  format. 

If  the  film  has  rounded  corners,  as  was  the  case  with  the 
9"  x  9"  format  film  obtained  in  the  contract  flight  with 
Aerometric  Engineering,  Sheboygan,  Wisconsin,  another 
coordinate  system  origin  must  be  determined.  A  convenient 
alternative  was  using  the  lowest  crosshair  image  along 
the  left  margin  of  the  photographic  frame  (see  the 
figure  below). 


2)  Select  control  ooints 

The  most  important  things  to  consider  when  selecting  control 

points  are:  ,  ,  ,  .. 

A)  They  should  be  identifiable  on  both  the  quad  ma?  and 
imagery.  The  exact  point  you  digitize  on  the  film  should 

be  locatable  on  the  auad  mao. 

B)  The  control  points  selected  should  be  stable  and  relatively 
long  lastinq,  that  is  they  should  not  change  over  the 
course  of  five  years. 


In  the  figure  above  is  a  portion  of  a  quad  map  with  labeled  control 
points.  Notice  which  control  points  were  selected. 


3)  Labeling  Control  Points 

With  a  fine  pointed  pencil,  locate  the  qround  control  point 
on  the  map  overlay  (the  mylar  sheet),  with  an  X.  Write  any 
comments  that  help  locate  the  ground  control  point  beside 
the  "X".  Number  the  ground  control  point  with  the  frame 
number  within  the  c1ight  line  and  with  the  qround  control 
point  number  within  the  frame  of  film.  See  examnle. 

4)  Digitize  the  Control  Points 

Digitize  the  control  poir.s  in  seauence  with  the  prompting 
messages  provided  by  the  BDIGITIZ  program.  A  message  will 
be  printed  on  the  screen  "Digitize  first  control  point." 
Place  the  crosshairs  over  the  desired  control  point. 

Depress  the  "1"  key  to  digitize  control  point  one,  the  "2" 
key  for  control  point  two,  etc.  If  you  make  a  mistake 
while  digitizing  control  ooints  you  can  start  the  process 
over  by  depressing  the  "1"  key.  This  will  automatically 
start  the  digitizing  process  over.  If  you  have  digitized 
all  four  control  points  and  you  want  to  do  them  over,  key 
in  a  "Y"  to  the  message  "Do  you  want  to  do  Cntrl  Pts  over?" 
that  will  appear  on  the  screen  after  the  fourth  control 
point  is  digitized. 


Bridges  -  Use  the  intersection  of  the  bridge  and  the  shore  line, 
or  the  intersection  of  the  bridge  with  a  road. 


Portion  of  a  quad  mao  showing  the  nart  of  the  bridge  which 
is  used  as  a  control  point. 


Listed  below  are  suggested  ground  control  points  and  rules  for 
their  use 

Road  intersections  -  Place  cursor  in  exact  center  of  intersections 

or  at  a  corner  of  the  intersection.  Be 
sure  and  indicate  the  point  digitized  clearly 
on  the  map  sheet. 


Portion  of  quad  map  showing  the  road  intersection  that  could  be 
used  as  a  control  point. 


Locks  -  For  locks  place  cursor  on  the  ends  of  the  walls  of  the 
locks. 


Portion  of  quad  map  showing  the  oart  of  lock  that  could  be  used 
as  a  control  point. 


Structures  -  If  possible,  define  a  corner  of  the  structure  that 
is  identifiable  on  both  the  film  and  the  map. 


Portion  of  quad  map  showinq  the  structure  that  could  be  used  as 
a  control  point. 
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Vegetation  Patterns  -  Although  not  as  stable  as  structures,  they 
~~  can  be  used  if  no  better  control  points  are 

available.  Use  sharp,  distinguishable 
features  in  the  vegetation  pattern.  An 
examole  of  this  is  a  corner  of  a  field 
adjacent  to  tree  cover. 


Portion  of  quad  map  showing  the  vegetation  pattern  that  could  be 
used  as  a  control  point. 


Shoreline  Patterns  -  These  features  include  islands  and  dis¬ 
tinguishable  irregularities  in  the  shoreline. 
They  are  not  as  stable  as  structures,  but 
they  can  be  used  when  no  other  control  ooints 
are  available.  The  tips  or  Doints  of 
islands,  mouths  of  bays,  and  creek  inlets  are 
examples  of  shoreline  patterns.  On  islands, 
a  stable  bank  or  shore  can  be  indicated  by 
old  growth  tree  cover,  as  oooosed  to  the 
emergent  aauatics.  Try  to  use  the  most 
stable  aopearinq  ooint  on  the  shoreline 
.  pattern. 


Portion  of  the  quad  mao  showinq  the  shoreline  pattern  ( t i o  of 
the  island)  that  could  be  used  as  a  control  point. 


THE  Y  VALUE  FOR  CONTROL 

POINT  1 

CPI  Y 

File  Specification 

Field  width 

Card  No. 

Column  No. 

Original  file 

12 

3 

16-27 

SPSS  file 

12 

4 

42-53 

Possible  values:  See  under  CPI X 


Refer  to  CPI X  for  a  description  of  this  variable. 


THE  Y  VALUE  FOR  CONTROL  POINT  2 


CP2X 


File  Specification 

Field  width 

Card  No. 

Column  No. 

Original  file 

12 

3 

30-41 

SPSS  file 

12 

4 

54-65 

Possible  values 

:  See  under  CPI X 

Refer  to  CP1X  for  a  description  of  this  variable. 


THE  X  VALUE  FOR  CONTROL  POINT  3 


File  Specification 
Original  file 
SPSS  file 


Field  width 


Card  No. 


Column  No. 


12 

12 


3 

4 


£3-54 

66-77 


Possible  values:  See  under  CP1X 


Refer  to  CP1X  for  a  description  of  this  variable. 


CP3X 


THE  Y  VALUE  FOR  CONTROL  POINT  3 


File  Specification  Field  width  Card  Mo. 
Original  file  12  3 

SPSS  file  12  5 


Column  No. 
57-68 
30-41 


Possible  values:  See  under  CPI X 

Refer  to  CPI X  for  a  descriotion  of  this  variable. 


THE  X  VALUE  FOR  CONTROL  POINT  4 


CP3Y 


File  Specification  Field  width  Card  No.  Column  No. 
Original  file  /  12  3  70-81 

SPSS  file  {12  5  42-53 

Possible  values:  See  under  CPI X 
Refer  to  CP1X  for  a  description  of  this  variable. 


tAe  X  VALUE  FOR  CONTROL  POINT  4 


CP4X 


File  Specification 
Original  file 
SPSS  file 


Field  width 
12 
12 


Card  No. 
3 
5 


Column  No. 
84-95 
54-65 


Possible  values:  See  under  CP1X 


Refer  to  CP1X  for  a  description  of  this  variable. 


THE  Y  VALUE  FOR  CONTROL  POINT  4 


CP4Y 


Field  width 
12 
12 


Card  No. 
3 
5 


Column  No. 
97-108 
66-77 


Possible  values:  See  under  CP1X 
Refer  to  CP1X  fo.  j  description  of  this  variable. 


TYPE  OF  TARGET 


TARGET 


Fi 1 ?  Specif i cati on 


Field  width  Card  No.  Column  No. 


Original  file 
SPSS  file 


2 

2 


2 

3 


26-27 

20-21 


Possible  values: 

Poats 

Canoe  01 

Rowboat,  nc  motor  02 

Inflatable  03 

Sailboat  (under  sail )  04 

Sailboat  (not  under  sail)  05 

Open-hulled  boat  06 

Decked-hulled  boat  07 

Pontoon  boat  OS 

House  boat  09 

Barge  or  barges,  no  tow  10 

Barge(s)  and  tow  11 

Tow  only  12 

Excursion  boat  (river  boat)  13 

Other  Features 

Ouckblind  •  20 

Covered  boat  slip  30 

Empty  ooen  si  io  31 

Small  uncovered  dock  (space  for 

4  crafi-)  40 

Large  uncovered  dock  (soace  for 

over  4  craft)  41 

Covered  dock  (not  a  single 
covered  slio)  42 

Industria1/conmerc>al  dock  44 


T^e  target's  location  and  type  is  entered  into  the  data  record 
similar  to  the  process  described  under  control  ooints.  Follow  the 
steps  below: 

Digitizing  the  Boat  Location  and  Keyi no  in  the  Craft  Type 

1.  Place  the  crosshairs  directly  over  the  center  of  the  target. 
Depress  the  "D"  key. 

2.  Next,  enter  the  code  to  identify  the  target. 

3.  Depress  the  key  to  indicate  you  are  through  d  ;tizing. 

4.  If  the  values  have  been  accepted,  the  BDIGITIZ  program  will 
print  the  message  "Do  you  want  to  do  this  over?"  If  yes,  key 
■'n  a  "Y".  If  no,  hit  the  return  key  and  continue  coding  data. 

On  the  following  page*;  is  an  interpretive  key  for  each  target 
type.  Two  photographs  are  included  to  aid  interpretation.  One,  a 
print  of  the  frame  that  contains  the  feature  of  interest  with  no 


TARGET 


enlargement.  Two,  an  enlargement  of  the  feature  (enlargement 
factor  from  lOx  to  30x,  depending  ori  the  size  of  the  feature 
covered)  is  provided.  These  photos  are  similar  to  the  way  the 
feature  would  look  if  viewed  through  the  Bausch  and  Lomb  Zo''. 
Stereoscope  under  magnification.  The  photos  are  much  fuzzer 
than  those  viewed  through  the  Bausch  and  Lomb  Stereoscope.  The 
photo  enlargement  process  accounts  for  this.  The  film  scratches 
seen  on  the  imagery  inevitably  occur  when  the  film  is  analyzed. 
They  are  accentuated.  The  rowboat  and  the  inflatable  target 
type  are  not  described  because  they  were  seen  very  rarely  on  the 
river. 


TARGET 


01 

Canoe 

Primary  distinguishing  characteristics  are  the  lack  of  a  motor 
snd  wake,  the  high  length  to  width  ratio,  the  pointed  bow  and  stern, 
uic  elongated  shape,  ana  the  small  size  (under  20  feet).  The 
paddles  are  sometimes  vistole.  They  aopear  as  light,  ill-defined 
objects  protruding  from  either  side  of  the  canoe,  °  the  oerson 
might  sit.  Secondary  di stingui shinq  characterist  'e  the  lack 
of  sails,  Dontoons,  and  decks.  The  v/ake  is  very  c  .It  to  see, 
being  low  in  contrast  to  the  surrounding  water,  anu  „ne  angle  is 
narrow.  The  wake  is  not  churny. 


Print  of  frame  showing  beached  canoe  amid  open-hulled  boats. 


Enlargement 


Canoe,  20x  magnification 


TARGET 


04,  05 

Sail  boat  (including  under  sail  and  not  under  sail) 

The  primary  distinguishing  characteristics  are  the  presence  of 
sails  or  masts.  Secondary  characteristics  include  the  hardly  visible 
wake,  the  elongated  shape,  the  pointed  bow,  the  tapered  and/or 
rounded  stern,  and  the  presence  of  decks.  Two  types  of  sailboats 
exist.  The  single  hulled,  and  the  double-hulled  catamaran.  The 
catamaran  is  shown  in  the  photograph.  The  presence  of  sails 
indicates  the  target  is  underway  and  determines  if  the  target 
should  receive  a  04  code.  The  absence  of  sails  indicates  the  05 
value  should  be  used  to  code  the  target. 


Print  of  frame  showing  sailboat  beached  on  shoie. 


TARGET 


04 

Sailboat 

Enlargement 


Sailboat,  Catamaran  type,  30x  magnification. 


TARGET 


06 

Open-Hulled  Boat 

The  primary  distinguishing  characteristics  are  the  absence  of 
decks  and  the  relatively  small  size.  The  bow  can  be  pointed, 
blunt,  rounded  or  squared-off.  The  stern  is  always  squared  off. 
The  overall  shape  can  be  elongated  or  rectangular  (with  rounded  or 
squared  corners).  T'ne  relative  size  is  small  to  medium  in  lenqth 
(under  20  to  40  feet).  The  wake  is  of  high  contrast,  to  the  sur¬ 
rounding  water,  which  indicates  a  craft  capable  of  relatively  high 
speeds.’  The  wake  is  usually  wider  than  the  boat,  where  it 
originates  near  the  stern  of  the  boat.  The  angle  ot  the  wake  is 
narrow  at  high  speeds  and  wider  at  lower  speeds.  The  wake  is  not 
likely  to  be  churny  (typical  of  barges). 


Print  of  frame  snowing  open-hulled  boat. 


TARGET 


06 

Open-hulled  boat 
Enlargement 


Open-hulled  boat,  20x  magnification 


TARGET 

07 

Decked-Hull  Boat 


The  primary  distinguishing  characteristics  are  the  multiple  decks 
and  pointed  bow.  the  bow  of  the  boat  is  also  free  of  cabin  space. 

A  houseboat,  which  may  have  multiple  decks,  can  have  cabin  space 
directly  over  the  bow  of  the  boat.  Houseboats  usually  have  souare 
bows.  Secondary  identifying  characteristics  are:  the  stern  is 
always  squared  off;  the  overall  shape  is  either  elongated,  or 
rectangular  (with  rounded  or  squared  off  corners);  the  size  is 
variable,  ranging  from  under  20  feet  to  over  60  feet  in  length; 
no  masts,  pontoons,  naddles,  or  inflation  devices  are  every  present; 
sometimes  at  the  stern  of  the  boat  the  open  cockpit  is  visible; 
the  wak  at  high  speeds  can  be  narrow,  at  lower  soeeds  it  is  wider; 
and  the  wake  is  not  churny. 


Print  of  frame  showing  decked-hull  boat,  motor  powered. 


TARGET 


07 

Decked-hull  boat 
Enlargement 


Decked-hull  boat,  20x  magnification. 


TARGET 


08 

Pontoon  Boat 


The  primary  distinguishing  characteristics  are  pontoons  which  pro¬ 
trude  beyond  the  deck,  a  squared  off  bow  and  stern,  and  an  overall 
shape  that  is  rectangular.  Secondary  distinguishing  characteristics 
are  its  small  to  moderate  size  (under  20  to  40  feet  in  length),  the 
presence  of  a  motor(s),  lack  of  sails,  and  lack  of  decks.  The 
wake,  can  have  a  low  or  high  contrast  to  the  surrounding  water.  The 
angle  of  the  wake  is  wide.  The  wake  is  not  churny. 


Print  of  frame  showing  pontoon  boat. 


TARGET 


08 

Pontoon  boat 
Enlargement 


Pontoon  boat, 


beached  amid  other  craft, 


30x  magnification. 


TARGET 

09 

House  Boat 


The  primary  distinguishing  characteristics  are  the  presence  of 
multiple  decks  and  the  squared-off  or  rounded  stern  and  bow. 
Secondary  di stinguishina  character!- sties  are  cabin  space  occurring 
directly  over  the  bow,  the  rectar.qular  shane  (with  rounded  or 
squared  off  corners),  the  medium  to  large  size  (20  to  over  40  feet 
in  length),  the  lack  of  sails.  Daddies,  or  flotation  devices.  The 
wake  can  have  low  or  high  contrast  to  the  surrounding  water  and 
is  wide.  The  wake  is  not  churny. 


Print  of  frame  showing  houseboat. 


TARGET 


09 

Houseboat 

Enlargement 


TARGET 

10 

Barge-  on  Barges ^  No. Tow  Boat 

The  primary  distinguishing  characteristics  of  the  barge(s)  without 
a  tow  are  the  high  length  to.  width  ratio,  squared-off  bow  and 
stern,  the  large  size,  rectangular  shape,  and  its  presence  only 
in  the  main  channel.  Secondary  distinguishing  characteristics 
include  the  characteristic  grouping  of  several  barges,  and  the 
presence  of  the  holds  or  storage  bins  on  the  barges. 


Print  of  frame  showing  barges  with  no  tow  boat. 


TARGET 

10 

Barge  or  Barges,  No  Tow  Boat 
Enlargement 


Barges,  15x  magnification. 


TARGET 

n 

Barqe(s),  and  Tow 

The  barge/tow  complex  refers  to  the  barge  tow  and  barges  combined. 
Primary  distinguishing  characteristics  are  the  association  of 
several  barges  with  one  tow,  squared-off  stern  and  bow,  the 
rectangular  overall  shape,  the  large  overall  size,  the  churny  wake, 
and  its  presence  in  the  main  channel.  A  secondary  distinguishing 
characteristic  is  the  presence  of  the  individual  storage  bins  on 
the  barges. 


Print  of  frame  with  barge(s)  and  tow  boat. 


TARGET 

n 

Barge(s)  and  Tow 
Enlargement 


Barges  and  tow  boat,  15x  magnification. 


TARGET 

12 

Tow*  Boat. 


The  primary  distinguishing  characteristics  of  the  tow  boat  are  the 
pilot  house  on  the  second  deck,  the  squared  off  bow  and  stern,  the 
rectangular  overall  shape,  the  churny  wake,  and  the  tow's  usual 
location  in  the  main  channel.  Secondary  distinguishing  character¬ 
istics  are  the  presence  of  multiple  decks,  and  the  wide  angle  of 
the  wake. 


Print  of  frame  with  tow  boat. 


TARGET 


12 

Tow  boat 
Enlargement 


Tow  only,  30x  magnification 


TARGET 


13 

Excursion  Boat 

The  primary  distinguishing  characteristics  of  the  excursion  boat 
are  the  large  overall  shaoe,  the  churny  wake,  and  the  mounting  for 
a  paddlewheel  at  the  stern,  and  its  usual  location  in  the  main 
channel.  Secondary  distinguishing  characteristics  include  the 
possible  rounded  or  curved  bow  (it  could  be  squared)  and  the 
presence  of  multiple  decks. 


Print  of  frame  with  excursion  boat. 


TARGET 


13 

Excursion  boat 
Enlargement 


Excursion  boat,  30x  magnification. 


The  primary  distinguishing  characteristics  are  the  square  shape, 
and  the  shadow  that  borders  one  side  of  the  blind.  Secondary  dis¬ 
tinguishing  characteri sties  include  the  light  color  of  the  wood 
used  to  build  the  blind,  vegetation  affixed  to  the  blind,  and  small 
boats  moored  next  to  the  blind. 


Print  of  frame  with  duck  blinds. 


TARGET 

20 

Duck  blind 
Enlargement 


Duck  blind,  20x  magnification 


TARGET 

30 

Covered  Boat  Slio 


Covered  boat  slips  are  individual  slips  with  covers  or  roofs.  They 
house  only  one  boat.  They  are  usually  located  at  marinas.  They 
can  be  identified  by  their  square  shape,  and  the  arranqement  in  a 
row  along  the  marina  dock.  Occasionally  covered  slips  away  from 
marinas  occur. 


Print  of  frame  with  covered  boat  slip. 


Covered  boat  slip,  20x  magnification. 


An  empty  boat  slip  is  a  space  at  a  large  dock  that  could  contain  a 
boat.  It  can  be  bordered  by  a  walkway  on  either  side  or  by  a 
boat.  Empty  slips  are  only  observed  where  the  boats  are  docked 
perpendicular  to  the  main  dock.  Simply  stated,  an  empty  boat  slip 
•s  a  space  at  a  dock  that  could  hold  one  boat.  The  size  of  the 
boat  determines  the  size  of  the  empty  slip  is  based  on  surrounding, 
docked  boats. 


Print  of  frame,  empty  boat  slip. 


TARGET 


31 

Empty  Boat  Slip 
Enlargement 


Empty  boat  slip,  20x  magnification 


TARGET 

40  .  ■: 

Smalt .Uncovered  Dock 

Small  uncovered  docks  are  those  that  can  hold  no  more  than  4 
boats.  The  amount  of  boats  the  dock  can  hold  is  based  on  an  esti 
mate  by  the  interpreter.  This  overlaps  with  the  larae  uncovered 
dock  because  the  number  of  boats  a  dock  can  hold  is  dependent 
on  the  position  the  boats  are  in  when  attached  to  the  dock. 


Print  of  frame  containing  small  uncovered  dock. 


TARGET 


40 

Small  uncovered  dock 
Enlargement 


»*  t  f  ’■■  “  '  . ■'  >,  ■  V  .  .  v 

•  At J  Va;-.,,  ,,  ’  V  \ 

.  .  ,'Ar  .  v  1 0  •  £ 


Small  uncovered  dock,  20x  magnification. 


Larger  uncovered  docks  are  those  that  can  hold  over  4  boats. 

The  amount  of  boats  the  dock  can  hold  is  based  on  an  estimate  by 
the  interpreter.  This  interpretation  overlaps  with  the  small 
uncovered  dock  interpretation  because  the  number  of  boats  a 
dock  can  hold  is  dependent  on  the  position  the  boats  are  in 
when  attached  to  the  dock. 


Print  of  frame  containing  large  uncovered  dock. 


TARGET 


41 

Large  Uncovered  Dock 
Enlargement 


i 

Large  uncovered  dock,  20x  magnification. 


'TBSS^WJSOW 


TARGET' 

44 

Industrial/Commercial  Dock 


Industrial/commercial  docks  are  those  barges  use.  They  are 
recognized  by  the  round  pilings  that  are  located  around  the  dock, 
their  relatively  large  size,  the  presence  of  barges  around  the 
dock,  and  the  factory  or  industrial  site  located  next  to  the 
dock.  Occasionally  the  unloading/loading  apparatus  such  as  a 
conveyer  or  pipe  will  be  noticed. 


Print  of  frame  containing  industrial/commercial  dock. 


Industrial/Commercial  Oock,  30x  magnification. 


'TARGET 

’02 

Rowboat-1__No_  Motor 

The.  primary;  distinguishing  characteristics  are  the  small  size, 
the  absence  of  a  motor,  presence  of  paddles  or  oars,  and. the 
squared  off  stern.  Secondary  distinguishing  characteristics 
include:  the  low  to  medium  length  width  ratio,  the  pointed 
(blunt),  rounded,  or  squared-off  bow,  the  elongated  or  rec¬ 
tangular  shape,  and'  the  lack  of  sails,  decks,,  pontoons,  or 
inflation  devices,  the  wake  is  low  in  contrast  to  the  surrounding 
water,  is  narrow  to-wi.de,  is  =not  churny,  and  may  be  impossible 
to  see.  This  boat  type  was  not  interpreted  with  sureness.  Hence, 
a  photo  cannot  be  provided. 

03 

Inflatable  Boat 

The  primary  distinguishing  characteristics  of  the  inflatable  are 
the  low  to  medium  width  ratio  of  the  curved  bow,  the  oval  shape, 
the  small  size  (under  20  feet),  the  presence  of  paddles,  and  the 
presence  of  inflation  devices.  This  boat  type  was  not  interpre¬ 
ted  with  sureness.  Hence,  a  photo  cannot  be  provided. 


TARGET  X  COORDINATE 

TARGOX 

File  Specification 

Field  width 

Card  No. 

Column  No. 

'Original  file 

'  12 

2 

.  1-12 

SPSS  .file 

12 

3' 

22-33 

Possible  values;,  The-X  coordinate  is  a 
distance  friom  the  lower  lefr  corner 
of  the  frame  of  film  (0,  6).-,  Dis¬ 
tances  that  are  greater  than  the 
width  of  the  filin  or  neaative  values 
are  invalid. 


TARGET  Y  COORDINATES 

: 

TARCOY 

File  Soecifi cation 

Field  width 

Card  No. 

-Col  umn-  No . 

Original  file 

12 

2 

14-25 

SPSS,  file 

12 

3 

34-45 

Possible  values:  The:  Y  coordinate  is  a 
distance  from  the  lower  left  corner 
of  the  frame  of  film  (0,  0).  Dis¬ 
tances  that  are  greater  than  the 
width  of  the  film  or  negative  values 
are  invalid. 


LOCATION.  OF  TARGET  TO  NEAREST  RIVERMILE  RMILJE 

.J'eld:v width  CardfNo-.  Column-  No. 

4  4  42^45- 

4  3  '  46-49 


Possible;  values:  0001-9999 
Null  values:  unknown  -0008 


The  river  mile  variable  locates  the  target  digitized.  The  river 
mile  has  been  written  on  the  quad  maps.  The  river  mile  values  were 
taken  from  the  U.S.  Corps  of  Engineers  navigation  maps.  The  river 
mile  values  are.  distances  measured  (in  miles)  from  the  mouth  of 
the  river.  The  interpreter  checks  the  quad  map  and  encodes  the 
.closest  river  mile  to  the  target. 

The  location  of  targets  halfway  between  two  river  mile 
points  is  sometimes  difficult  to  decide.  No  rule  for  decidinq 
which  river  mile  value  to  encode  for  the  target  was  formulated. 

RIMIIE  has  been  used  in  place  of  RMILE  in  some  instances. 


CONFIDENCE  LEVEL  OF  TARGET-  TYPE  CLASSIFICATION  CONF 

File  Speci.fi cation-  Field  width  Card  No'.  Column,  No., 
Original  file  .2  4  47-48 

SPSS  file  2  3  50-51 


Possible  v.alues: 

Very  sure  of  classification 
(one  logical  choice) 

Educated  quess  (could  be 
two  choices) 

Unsure  (no  idea  of  what  the 
target  is) 


Null  values:  not  applicable  -9 

This  variable  measures  the  degree  that  the  interoreter  is  con¬ 
fident  in  the  identification  of  the  tarqet.  Many  factors  could 
make  it  hard  to  identify  the  tarqet.  The  interpreter  has  the 
opportunity  to  encode  up  to  four  reasons  for  any  difficulty 
encountered  with  interoretation.  If  the  01  valuers  entered  into 
the  data  file  (very  sure  of  classification),  then  no  unsure 
classification  variables  should  be  entered  (except  the  -9  value, 
not  applicable).  The  unsure  classification  variables  are  named 
WHY!,  WHY2,  WHY3,  and  WHY4. 


Value 

01 

02 

03 


FIRST- -REASON-' FOR  UNSURE  TARGET  CLASSIFICATION 


WHY! 


Fi 1 e  Specif i cation 
Original  file- 
SPSS  fi.le 


Field'  width 
2 
2 


Card, Mo. 
4 
3 


Col umn  No. 
49-50 
52-53 


Possible  values:  Value 

Shape  not  well-defined  01 

Location  in  river  questionable  02 

Target  cut  by  frame  boundary  03 

Target  obscured  by  cloud  cover  04 

Target  obscured  by  cloud  shadow  05 

Target  hidden  by  tree  canooy  06 

Glare  07 


General  underexposure  of  imagery  08 
General  overexposure  of  imagery  09 


Null  values:  not  applicable  -9 


Explanation  of  each  kind  of  unsure  classification  follows. 

01 

Shape  not  well  derned  -  when  the  shape  is  not  well  defined,  it 
is  difficult  to  see  features  on  the  target  that  allow  you  to  dis¬ 
tinguish  the  target  from  other  types.  When  boats  are  docked  or 
are  located  within  a  marina,  it  sometimes  is  difficult  to  see 
the  shape  of  the  boat,  or  decks  on  the  boat.  This  is  necause 
the  shape  of  the  boat  is  obscured  by  being  so  close  to  the  dock. 


Example  of  boat  with  shape  not  well  defined. 


02 

Target  location  in  river  questionable  -  this  occurs  when  a  target 
such  as  a  boat  appears  to  be  of  a  certain  tyoe;  but  its  location 
in  the  river  makes  the  interpreter  unsure  of  his  interoretation. 

For  example,  a-  boat  appearing  like  a  towboat  beached  among  a 
group  of  open-hulled  craft  would  be  unreasonable. 

03 

Target  cut  b,y  frame  -boundary  -  this  condition  occurs  when  only  part 
of  the  target  is  inside  the  boundary  of  the  frame.  Sometimes  enough 
of  the  target  can  be  seen  to  allow  an  identification  of  the  target. 
Other  times,  the  identification  of  the  target  is  questionable. 


04 

Target  obscured  b,y  cloud  cover  -  this  condition  occurs  when  low 
level  clouds  mask  part  of  the  craft. 


Example  of  cloud  cover  as  seen  through  the  Bausch  and  Lcmb 
Stereoscope.  Digitizing  cursor  present. 


05;' 

Target  obscured  by  cloud  shadow  -  this  condition  appears  on  the 
imagery  as  dark  blotches  on  the  ground.  Usually,  the  clouds  can 
be  seen  on  the  imagery  that  are  responsible  for  casting  the 
shadows. 


Example  of  cloud  shadow  in  imagery.  Digitizing  cursor  present. 


06 

Target  hidden  by  tree  canopy  -  this  occurs  when  targets  are  very 
close  to  or  are  adjacent  to  the  shore.  The  tree  cover  masks  part 
of  the  target  making  interpretation  difficult. 


Example  of  craft  hidden  by  tree  canopy,  30x  enlargement. 


0/ 

Glare  -  glare  is  caused  by  the  reflection  of  the-  sun  oh  t 
Relatively  large- areas  of  the  water  may  show  glare. 


ie  water 


4 


Example  of  image  with  glare. 


08 

General  underexposure  of  imagery  -  the  film  is  darker  than  us,ual 
,when  this  occurs; . . 


09 

General  overexposure  of  imagery  -  the  film  is  lighter  than  usual. 
This  can  make  features  on  targets  difficult  to-  classify  because 
the  outline  of  decks,,  cockpits,  seats,  and  masts  are  obscured. 


SECOND  REASON  FOR  UNSURE:  TARGET' 'CLASSIFICATION: 


WHY2 


File  Specif i cation 

Field;  w.i dth  -Card  No.  Col umn  No 

Original  file; 

2  4  51=  52' 

SPSS  file 

2  •  3  54-55 

Possible  values:. 

Value 

Shape  not  well-defined 

01 

Location  in  river  questionable 

02 

Craft  cut  by  frame  boundary 

03 

Craft  obscured  by  cloud  cover 

04 

Craft  obscured  by  cloud  shadow 

05 

Craft  hidden  by  tree  canopy 

06 

Glare 

07 

General  underexposure  of  imagery 

08 

* 

General  overexposure*  of  imagery 

09 

Null  values:  not  applicable  -9 


Refer  to  the  description  of  WHY1>  for  an  explanation  of  the 
codes  shown  above. 


THIRD  REASON  FOR  UNSURE  CLASSIFICATION;  WHY3- 


File  Specification 
Original  file 
SPSS  file 


Field  width 
-  2 
2 


.Card  No. 
4 
3 


Column. No. 
53-54 
56-57 


Possible  values:  Value 

Shape  riot  well-defined  01 

tocation  in  river  questionable  02 

Craft  cut  :by  frame  boundary  03 

Craft  :obscured  by  cloud  cover  04 

Craft  obscured  by  cloud  shadow  05 

Craft  hidden  by  tree  canopy  06 

Glare  07 

General  underexposure  of  imagery  08 

General  bverexoosure  of  imagery  09 


Null  values:  not  apolicable  -9 


Refer  to  WHY!  for  an  explanation  of  the  codes  above. 


FOURTH  REASON  FOR  UNSURE  CLASSIFICATION 


WHY4 


File  Specification  Field  width  Card  No.  Column  No. 
Original  file  2  4  55-56 

SPSS  file  2  3  58-59 


Possible  values:  Va 1 ue 

Shape  not  well-defined  01 

Location  in  river  questionable  02 

Craft  cut  by  frame  boundary  03 

Craft  obscured  by  cloud  cover  04 

Craft  obscured  by  cloud  shadow  05 

Craft  hidden  by  tree  canoDy  06 

Glare  07 

General  underexposure  of  imagery  08 

General  overexposure  of  imagery  09 


Null  values:  not  applicable  -9 


Refer  to  WHY1  for  an  explanation  of  the  codes  above. 


BEACHING  SITE  -  DEVELOPMENT  OF  THE  BEACHING  SITE 


BCHOEV 


File  Specification 
Original  file 
SPSS  file 


Field  width 
2 
2 


Card  No, 
4 
3 


Column  No, 
25-26 
72-73 


Possible  values:  Value 

No  development  visible  from 
beaching  site  00 

Some  development  visible  from 
beachina  site 


Null  values:  not  apDlicable  -9 


This  variable  measures  the  amount  of  man  induced  change  visibl 
from  the  beached  boat.  The  value  01  (area  exhibiting  some  develop¬ 
ment)  is  defined  according  to  whether  the  interoreter  thinks 
development  is  visible  from  the  beaching  site.  The  development  can 
take  the  form  of  houses,  mowed  lawns,  roads,  and  other  man-made 
structures.  The  rules  for  encoding  this  variable  are  not  very 
sound  at  the  present.  This  is  because  the  interpreter  is-try'inq 
to  judge  what  people  at  the  beaching  site  would  be  able  to  see  from 
their  beached  boat.  This  cannot  be  done  very  well  through  a 
photographic  interpretation.  An  improvement  would  be  to  measure 
the  distance  a  man-made  change  is  from  the  beached  boat. 


8CHDEV 


Frame  including  beaching  site  with  no  development. 


BCHDEV 


00 

No  Development 
Enlargement 


Beaching  site  with  no  development,  15x  enlargement. 


Frame  including  beaching  site  with  development  present. 


BCHDEV 


01 

Development 

Enlargement 


Beacning  site  with  development  present,  20x  enlargement 


BEACHING  SITE  -  LAND  COVER 


BCHCOV 


File  Specification 
Original  file 
SPSS  file 


Field  width 
2 
2 


Card  No. 


Column  No. 
27-28 
74-75 


Possible  values:  Value 

Sandy,  little  or  no  veqetation  01 

around  immediate  area  of  boat 
Vegetated,  veqetation  around  02 

immediate  area  of  boat 


Null  values:  not  apclicabie  -9 


Beaching  site  values  should  only  be  encoded  for  boats  which 
are  beached.  A  grassy  lawn  can  be  mistaken  for  a  sandy  beach, 
so  some  boats  beached  on  grass  may  be  included  in  the  01  (sandy) 
class. 


BCHCOV 

01 

Sandy 


Frame  showing  sandy  beaching  site 


BCHCOV 


01 

Sandy 

Enlargement 


Sandy  beaching  site,  1 0x  enlargement 


Frame  showing  vegetated  beaching  site. 


BCHCOV 


02 

Vegetated 

Enlargement 


Vegetated  beaching  site,  ''Ox  enlargement. 


SHORELINE  -  LOCATION 


SHORE 


File  Specification 
Original  file 
SPSS  file 


Field  width 
2 
2 


Card  No. 

4 

3 


Column  No. 
29-30 
76-77 


Possible  values: 

River  bank  shoreline,  any  shore  01 

that  is  not  any  island 
Island  shoreline,  surrounded  by  02 

water 


Null  values:  not  applicable  -9 


This  variable  annlies  only  to  docks,  beached  boats,  docked 
boats,  and  duck  blinds  that  arp  nositioned  on  a  shore  of  the  river. 
Check  the  quad  map  to  determine  if  the  shoreline  is  that  of  an 
island.  See  examples  of  the  quad  maD  used  to  identify  islands  and 
shorel ines. 


SHORE 


01 

Riverbank  Shore 


Portion  of  quad  map  showing  riverbank  shore  area. 


NUMBER  OF  BARGES  IN  FORMATION 


NOBRGS 


Field  width  Card  No.  Column  No. 
2  4  33-34 

2  3  62-63 


Possible  values:  01-24 


Mull  values:  not  applicable  -9 


To  determine  the  number  of  barges  count  the  number  in  the 
cluster  being  digitized.  The  only  target  codes  that  should  have 
a  real  value  encoded  for  this  variable  are  the  10  (over  1  barqe 
only  complex)  and  11  (barge  tow  complex).  See  the  photograph  of 
the  barge  complex  shown  under  the  expanation  of  the  target  variable. 


BLINDS  -  DECOYS  OBSERVABLE 

DECOYS 

File  Specification 

Field  width  Card  No. 

Column  No. 

Original  file 

2  4 

35-36 

SPSS  file 

2  3 

78-79 

Possible  values: 

No  decoys  observed 

01 

Decoys  observed 

02 

Null  values:  not  applicable  -9 


Decoys  are  fake  ducks  that  hunters  soread  around  their  duck 
blinds  to  lure  the  ducks  within  gun  range.  They  aooear  as  minute 
almost  undectable,  bright  soecks  against  the  darker  water  surface, 
most  often  in  a  semiradial  oattern  around  the  duck  blind. 

Due  to  a  miscommunication  between  interpreters  sometimes  this 
variable  was  encoded  with  a  -9  to  indicate  that  no  decoys  were 
observable.  This  is  limited  to  nool  16,  for  flights  on  July  4, 
August  15,  and  September  15. 

At  the  altitudes  flown  for  this  project,  it  is  very  doubtful 
that  the  photographic  resolution  was  adeouate  to  resolve 
decoys. 


TYPE  CHANNEL  IN  WHICH  CRAFT  IS  LOCATED 


CHANEL 


Possible  values: 

Main  navigation  channel 

01 

Secondary  channels 

02 

Backwater/inlet/bav 

03 

Null  values:  not  applicable  -9 


The  quad  map  is  helpful  in  determining  the  proper  value 
to  encode  for  this  variable. 


CHANEL 


01 

Main  Navigation  Channel 

This  is  determined  by  using  the  quad  mao.  The  middle  of  the  main 
navigation  channel  has  been  delineated  on  the  Quad  maD.  The 
source  for  the  main  navigation  channel  was  the  U.S.  Corps  of 
Engineers  navigation  charts. 


Portion  of  quad  mao  containinq  main  navigation  channel. 


02 

Secondary  Channels 


This  includes  any  other  channel  besides  the  main  navigation  channel 
Secondary  channels  are  always  be  'nded  on  one  side  by  an  island. 


Portion  of  quad  mao  with  secondary  channels 


CHANEL 


This  refers  to  bodies  of  water  with  only  one  access  Dath. 
Typically  they  are  surrounded  on  three  sides  by  land.  This 
class  includes  man-made  embayments  which  contain  docks  and 
boat  ramps. 


Frame  showing  backwater,  inlet/bay. 


WATERCRAFT  ACTIVITY  STATUS 


A 


File  Specifications 
Original  file 
SPSS  file 


Field  Width 
2 
2 


Card  No. 
4 
3 


Column  No. 
57-58 
64-65 


Possible  values: 

In  use 

01 

Beached 

02 

Docked  at  small 

structure 

03 

Docked  ar  large 

structure 

04 

Null  values:  not  appl icable  -9 


Each  value  will  be  defined  below.  When  necessary,  photos  have 
been  provided  to  better  exDlain  the  interpretation  definitions. 

01 

In  Use 


This  value  refers  to  boats  in  the  water  free  from  any  shore  or  any 
dock.  Boats  stationary  and  moving  in  the  water  should  be  classed 
as  being  in  use. 


ACTIV 


02 

Beached 

This  value  refers  to  boats  with  part  or  all  of  their  structure  on 
the  shore,  not  adjacent  to  a  dock.  In  some  cases,  baroes  were 
coded  as  beached  when  they  were  moored  adjacent  to  an  island.  In 
other  cases  these  barqes  were  classed  as  idle. 


Frame  showing  beached  boats. 


ACTIV 

03 

Docked  at  small-  structure 


This  value  refers  to  boats  docked  at  a  structure  which  can  accom¬ 
modate  four  or  less  than  four  boats.  The  determination  of  the 
number  of  boats  that  can  be  docked  at  a  structure  is  an  estimate 
made  by  the  interpreter.  In  some  cases  barges  were  coded  as  be¬ 
decked  at  a  small  structure. 


Frames  showing  boats  docked  at  a  small  structure. 


ACT  IV 
03 

Docked  at  small  structure 
Enlargement 


ACT  IV 
04 

Docked  at  large  structure 

This  value  refers  to  boats  docked  at  a  structure  which  can  accom¬ 
modate  over  four  craft.  The  determination  of  the  number  of  boats 
that  can  be  kept  at  the  structure  is  an  estimate  by  the  interpreter. 
Barges  should  always  be  coded  as  04  when  they  are  docked.  When 
boats  are  docked  at  marinas  with  many  ships,  the  04  code  should 
be  used  to  code  their  activity  status. 


Frame  showing  boats  docked  at  a  large  structure. 


CRAFT  IN  USE 


MODUSE 


File  Specification 

Field  width  Card  No. 

Column  No. 

Original  file 

2  4 

59-60 

SPSS  file 

2  3 

66-67 

Possible  values: 

Underway  (wake  visible) 

01 

Idle  (no  wake  visible) 

02 

Locking  (in  immediate  proximity 

of  lock  gates) 

03 

Null  values:  net  applicable  -9 


This  variable  measures  the  movement,  of  boats  in  use.  Boats 
docked  or  beached  should  have  the  not  apolicable  (-9)  value 
encoded.  Definitions  of  the  classes  are  below.  When  necessary, 
photographs  have  been  provided  to  describe  the  interpretation  defi¬ 
nition. 

01 

Underway 

Boats  underway  always  show  a  wake.  The  onlv  exceotion  to  this  is 
in  the  case  of  a  sailboat.  Sails  visible  would  signify  the  boat 
is  underway. 


MODUSE 

02 

Idle 


Idle  boats  show  no  wake.  Clusters  of  barges  aooearinn  to  be 
moored  here  have  been  given  the  idle  value  in  some  cases.  In 
other  cases  barges  moved  away  from  a  docking  structure  were 
interpreted  as  beached. 


Frame  showing  idle  boats. 


02 

Idle 

Enlargement 


Idle  boats,  30x  enlargement. 


NUMBER  OF  SKIERS  WITH  CRAFT 


SKIERS 


File  Specification 

Field  width 

Card  No. 

Column  No. 

Original  file 

2 

4 

61-62 

SPSS,  file 

2 

3 

68-69 

Possible  values:.  00-99 


Null  values:  not  aonlicable  -9 


Skiers  can  be  distinguished  by  the  small  wake  (in  addition  to 
the  boat  wake)  trailing  the  skier.  The  number  of  wakes  is 
equivalent  to  the  number  of  skiers.  See  rhctoqnsoh. 

Only  open-hulled  boats,  decked-hulled  boats,  and  houseboats 
can  have  a  value  coded  for  skiers. 


1 


SKIERS 


Frame  showing  one  skier  behind  boat. 


SKIERS 

Enlargement 


One  skier  behind  boat,  30x  enlargement. 


DIRECTION  OF  TRAVEL 


DIRXTN 


File  Soecification 

Field  width  Card  No. 

Column  No. 

Original  file 

2  4 

63-64 

SPSS  file 

2  3 

70-71 

Possible  values: 

Curvilinear  direction 

01 

Cross  channel 

02 

Upstream 

03 

Downstream 

04 

Null  values:  not  apolicable  -9 


Boats  must  be  underway  and  In  use  to  receive  a  direction 
value  code. 


Channel  Direction  Figure 


Frame  showing  curvilinear  direction. 


Curvil  ^cjr  direction,  30x  enlargement. 


DIRXTN 

02 

Cross  channel  direction 


This  is  identified  by  a  boat  that  is  headed  perpendicular  to  the 
shore,  moving  across  the  channel.  Refer  to  the  photoqraph  and 
the  direction  qrat.  i. 

03 

Upstream 

This  refers  to  boats  moving  in  the  uostream  direction  with  a  linear 
wake.  Refer  to  channel  direction  figure  and  quad  maD  to  determine 
the  direction. 

04 

Downstream 


This  refers  to  boats  moving  in  the  downstream  direction  with  a 
linear  wake.  Refer  to  channel  direction  diaure  and  the  quad  map 
to  determine  the  direction. 


Frame  showing  boat  with  linear  wake.  Boats  with  this  wake 
are  moving  either  cross  channel,  upstream,  or  downstream. 


OIRXTN 

02 

Cross  Channel 
03 

UDStream 

04 

Downstream 

Enlargement 


with  1  inear  Wdke, 3Cx  enlargement. 


